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GENERAL ABSTRACT 
Estuaries are among the most productive ecosystems worldwide as they provide important 
refuge and feeding areas for the juveniles of many marine species, many of which have 
recreational importance. The use of these nursery areas by juvenile fishes in South Africa are 
in need of further investigation and many critical areas such as shallow water creeks and 
vegetated habitats remain understudied. By using mixed-methods, estuarine fish assemblages 
were assessed in five permanently open estuaries in the Eastern Cape Province of South Africa. 
A total of 81 428 comprising 24 families and 40 species of fishes were sampled by means of a 
50 m seine net (12 mm mesh) along the length of these systems that comprised of six 
equidistant sites during the summer recruitment period (October - December) of 2014 and 
2015. A higher catch per unit effort (CPUE) was recorded in 2014 (68 875) compared to the 
following year where a decline of approximately 82% was observed in the catch (12 553) for 
all estuaries except the Kromme Estuary. Catches were mainly dominated by the marine 
estuarine dependent sparid, Rhabdosargus holubi and the solely estuarine clupeid, Gilchristella 
aestuaria. Species compositions and catch abundance with regards to historical catches showed 
that the abundance of many marine estuarine dependent juveniles as well as important 
recreational species have declined within these systems and are mainly attributed to marine 
overfishing and the exploitation of undersized individuals in estuarine nurseries. 
Juvenile fishes that occur in these estuaries utilize a range of vegetated habitats ranging from 
salt marsh creeks, Zostera capensis beds, Spartina maritima and previously unexplored 
Phragmites australis areas. Sampling was achieved by using passive, double-winged, six-
hooped fyke nets, 1 mm mesh size that was secured in placed on the nocturnal flood tide at 
each inundated vegetated and adjacent unvegetated habitat types. Higher catches were 
frequently recorded in vegetated areas for solely estuarine and marine estuarine dependent 
species and supports evidence of plasticity within these habitats. In general, the previously 
unstudied reed, P. australis showed the highest species richness and abundance of juvenile 
fishes overall, followed by, Z. capensis and the intertidal salt marsh species, S. maritima. These 
findings relate to many international trends on the value of vegetated areas as refugia for young 
fishes in estuaries. Fishes were also showing evidence of feeding and sheltering in these areas. 
By using conventional stomach contents and stable isotope methods (δ13C and δ15N signatures) 
on the abundant R. holubi in previously selected vegetation sites, it was clear that this species 
has a significant reliance on any of these habitats as their diets was largely comprised of a 
mixture of epiphytic algae and aquatic macrophytes. In addition, the diet of larger individuals 
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(>80 mm) showed a greater component of invertebrates in previously unexplored habitats, 
which proves their omnivorous diet related to ontogenetic niche use. Knowledge of fine-scale 
habitat use by fishes is essential for conservation planning as exclusion zones can be optimised 
to limit anthropogenic influence on nursery use patterns in fishes.   
The availability of shallow water habitats (<60 cm) was assessed as an additional driver to 
explain the species diversity and richness of juvenile fishes within the lower reaches. These 
habitats are known as important nursery habitats providing numerous marine and estuarine 
spawned fishes with adequate refuge and food supply. This shallow water volume was 
measured by means of a two-man kayak using both the spring high and low tides in the lower 
reaches of these systems to assess juvenile assemblages. It was clear from the results that 
aquatic vegetation significantly adds to the volume of these areas and as a result, much greater 
fish density and species richness were observed. Generalized additive models showed that 
marine spawned species were particularly reliant on the availability of this shallow water along 
with submerged vegetation and additional environmental variables. The presence of 
structurally submerged vegetation typically characterized within shallow estuarine waters is 
commonly believed to reduce predation risk resulting in elevated densities of biota.  
Based on the current stock status and percentage of pristine breeding stock, five fish species 
classified as collapsed/overexploited was consistently found within these systems with an 
additional 14 species currently classified as exploited/vulnerable. Based on the current species 
richness and diversity, available habitat cover and knowledge regarding important recreational 
species, priority areas that require some form of legal protection in order to meet potential 
biodiversity targets, could be identified. It is a legal requirement in South Africa that all 
estuaries require management plans that should be based on good knowledge of priority 
habitats for fauna and flora. The identification of estuarine protected areas is seen as a 
mechanism for protecting a representative sample of the biodiversity accompanied by a 
complete range of environmental gradients and habitat types at a reasonable scale in order to 
maximize the protection of estuarine species. 
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CHAPTER 1 
 GENERAL INTRODUCTION  
1. Introduction 
Estuaries have long been recognized as highly productive natural habitats in the world, 
providing a crucial role in maintaining the biodiversity in aquatic systems, particularly for 
fishes (França et al., 2011; Vasconcelas et al., 2011; Dance & Rooker, 2015). Following a 
recent review from Whitfield and Elliott (2011), estuaries can be defined as ‘a semi-enclosed 
coastal body of water which is connected to the open sea either permanently or periodically, 
has a salinity that is different from that of the adjacent open ocean due to freshwater inputs, 
and includes a characteristic biota’. Within these biologically productive ecosystems they 
support large numbers of fish species, many of which have commercial importance, adding to 
their high economic value (Blaber et al., 2000; Whitfield & Pattrick, 2015). Species abundance 
of estuarine ichthyofauna in temperate regions in both the northern and southern hemisphere 
are mainly dominated by marine species and their dependence can be divided into various 
guilds characterized by spawning locations, feeding and/or refuge and migratory movements 
(Whitfield, 1998; Elliott et al., 2007; Potter et al., 2015; Vasconcelos et al., 2015). Numerous 
fish species are spawned at sea after which they will enter estuaries for variable periods of time, 
some completing their life cycles while others use these systems only as migratory routes 
(Boehlert & Mundy, 1988; Potter et al., 1997; Whitfield, 1998). 
Nursery habitats are generally described as those habitats where the number of juveniles of any 
particular species is much greater than the adult populations and supports much greater 
contributions towards adult recruitment in terms of density, growth, the survival of juveniles 
and movement to adult habitats (Beck et al., 2001). These habitats tend to be found in the 
shallow waters where their success is influenced by a healthy supply of larvae, abundant food 
resources, shelter from predation and limited competition (Beck et al., 2001; Dahlgren et al., 
2006; Whitfield & Pattrick, 2015). In South Africa, estuaries provide nursery areas and feeding 
grounds for approximately 160 fish species, many of which are endemic to the region 
(Whitfield, 1998). The life cycle for most of these species includes spawning of adults at sea, 
as well as their egg and larval development, however at approximately 15 mm and upwards, 
these juveniles migrate into estuaries. This migration usually occurs during spring and early 
summer when temperatures are much higher, their food resource can provide them with rapid 
growth and where aquatic vegetation provides protection from marine predators (Wallace et 
al., 1984).  
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Despite the many values of estuaries, they are also extensively modified and threatened aquatic 
environments due to human impacts and have created a global concern regarding the 
biodiversity as well as its impact on ecosystem goods and services (Blaber et al., 2000; Barbier 
et al., 2011; Pasquaud et al., 2015). Of the 160 species utilizing South African estuaries, 
approximately half of these are utilized commercially, for subsistence or recreationally and has 
an estimated worth of R1.2 billion per year (Lamberth & Turpie, 2003). Of this, marine-
estuarine dependent species constitute 83% of the recreational catch (Van Niekerk & Turpie, 
2012). The cause of changes to estuarine biodiversity can be directly through exploitation, 
pollution and habitat destruction or indirectly through altered riverine run-off, elevated nutrient 
concentrations, climate change and related physical conditions (Gislason, 2001; Worm et al., 
2006; Vasconcelos et al., 2015). The control over South African estuaries has suffered greatly 
due to the lack of management in the past, however the realization of their value and those 
pressures that threaten them have resulted in better management and conservation processes to 
be put into place (Lamberth & Turpie, 2003).  
To date, the importance of estuaries has been well described. This includes inter alia their 
fundamental nursery function (Hudges et al., 2002; Edworthy & Strydom, 2015), provision of 
rich feeding grounds (Colloty et al., 2000; Carassou et al., 2016), acting as migration routes for 
many fishes (Pattrick et al., 2007), providing protection and refuge to larval and juvenile fishes 
in aquatic vegetation (Melville-Smith & Baird, 1980; Hunter-Thomson et al., 2002), supporting 
diverse and productive communities ranging from planktonic and benthic filter feeders 
(Henninger et al., 2009) to the higher trophic levels such as piscivorous birds, who utilizes 
these habitats for food and breeding. They also support a number of endemic and migratory 
species (James & Harrison, 2010a, b), many of which depend solely on estuaries for their 
survival and reproduction (Van Niekerk & Turpie, 2012). Estuaries are extremely complex and 
unique ecosystems that are continuously subject to great natural fluctuations such as changing 
temperatures and tides thereby causing associated ichthyofauna to adapt, consequently 
affecting the distribution of organisms in these habitats (Whitfield, 1999; Gislason, 2001; 
Whitfield & Elliott, 2002; Bruno et al., 2013). Understanding the use of estuarine habitats by 
juveniles is important for the improvement of conservation policies with the focus on 
preserving these ecologically important environments and their populations within (Nunn et 
al., 2012; Bruno et al., 2013). 
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2. An overview of estuarine fish research in South Africa 
Ecological research on fishes in estuaries date back to the 1800’s and include a wide range of 
research areas (Harrison, 2003). The origin of estuarine ichthyology in South Africa started in 
1883 when anglers complained that the netting of fish in the Swartkops Estuary caused marked 
reductions in the fish available to recreational fishermen (Whitfield, 2010). In the early 1900’s, 
Gilchrist commenced the first surveys of fishes in the Swartkops Estuary and was followed by 
a period of little research until the 1940s and 1950s. Fish surveys were documented by 
Professor JH Day (University of Cape Town) in a number of estuaries in KwaZulu-Natal and 
Western Cape but contained little biological information.  
Research on South African estuarine ichthyofauna has since gained extensive attention and 
covered various topics. A number of these examined the recruitment process of fish larvae and 
early juveniles entering estuaries (Hall et al., 1987; Whitfield, 1989a, b, 1994; Harrison & 
Cooper, 1991; Martin et al., 1992; Harris & Cyrus 1996, Cowley et al., 2001, Vivier & Cyrus, 
2001; Weerts & Cyrus, 2002; Kemp & Froneman, 2004; James et al., 2007; Wasserman et al., 
2010; Pattrick & Strydom, 2014; Kisten et al., 2015). A number of these focussed on the 
ecology of estuary-associated fish larvae, using both experimental and descriptive studies that 
included the early-life stages such as egg and larval development (Melville-Smith & Baird, 
1980; Neira et al., 1988; Whitfield, 1989c; Beckley, 1990; Harrison & Whitfield, 1990; Garratt, 
1993; Haigh & Whitfield, 1993; Tilney & Hecht, 1993; Harris & Cyrus 1995, Harris et al., 
1995; Connell, 1996; Harris & Cyrus, 2000; Strydom & Whitfield, 2000; Strydom et al., 2002, 
2003; Strydom, 2003; Strydom & Wooldridge, 2005; Strydom & Neira, 2006; Pattrick et al., 
2007; Montoya-Maya & Strydom, 2009; Sutherland et al., 2012; Strydom, 2015).  
Further research included the response of fish assemblages to freshwater inflows (Bennett, 
1989; Plumstead, 1990; Ter Morshuizen et al., 1996; Whitfield & Paterson, 2003; Vorwerk et 
al., 2008), resource utilisation (Whitfield et al., 1989; Ter Morshuizen & Whitfield, 1994; Ter 
Morshuizen et al., 1997; Wasserman, 2012), increasing angling and anthropogenic pressures 
(Beckley et al., 1995; Vorwerk et al., 2009; Wasserman, 2010; Wasserman & Strydom, 2011) 
and the development of fish and estuarine health indices (Cooper et al., 1994; Van Niekerk et 
al., 2013). The influence of physico-chemical and biotic factors on species composition have 
also been examined (Beckley, 1985; Cyrus & McLean, 1996; Russell, 1996; Froneman & 
Vorwerk, 2003; Richardson et al., 2006; Teske et al., 2007; Ellender et al., 2008; Sutherland et 
al., 2012). Several studies have studied the importance of submerged aquatic macrophytes for 
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estuarine associated fishes (Beckley, 1983; Whitfield, 1986; Hanekom & Baird, 1988; 
Whitfield et al., 1989; Ter Morshuizen & Whitfield, 1994; Paterson & Whitfield, 1996, 2000a, 
2000b; Le Quesne, 2000; Sheppard, 2010; Sheppard et al., 2012; Edworthy & Strydom, 2016; 
Whitfield, 2017). Other estuarine habitats studied in South Africa includes the littoral zone 
(Whitfield, 1993; Becker et al., 2010; Whitfield & Pattrick, 2015), intertidal salt marsh creeks 
(Paterson & Whitfield, 1996, 2000b, 2003), shallow and nearshore water (Paterson & 
Whitfield, 2000a; Carassou et al., 2016; Becker et al., 2017) and headwater regions (Paterson 
& Whitfield, 2003; Wasserman, 2010; Wasserman & Strydom, 2011). 
Several studies underwent a more holistic approach with focus shifted towards the 
biogeography of estuarine-associated fish (Maree et al., 2000; Harrison, 2002; Whitfield, 2005; 
Harrison & Whitfield, 2006; James et al., 2016; Strydom, 2015; Whitfield, 2017) while the use 
of stable carbon analysis to determine trophic ecology of fishes only recently started gaining 
some attention (Paterson & Whitfield, 1997; Froneman, 2001, 2002; Mbande et al., 2004; Hill, 
2007; Richoux & Froneman, 2007; Carrasco et al., 2012; Bergamino et al., 2014; Carassou et 
al., 2016). A number of ichthyofaunal surveys have also been completed for single or multiple 
estuaries (Marais & Baird, 1979; Marais, 1981; Melville-Smith, 1981; Beckley, 1983; 1984; 
Marais, 1983a, b; Harrison, 1997; Vorwerk et al., 2003; Whitfield & Paterson, 2003; Mbande 
et al., 2005; Harrison & Whitfield, 2006; James & Harrison, 2010a, b; Wasseman & Strydom, 
2011) while others focused only on a single species (Whitfield & Harrison, 1996; James et al., 
2003; Bernatzeder & Britz, 2007; Cowley et al., 2008; Bennett et al., 2015; Kisten et al., 2015).  
Large-scale datasets are becoming an important feature for ecological and biological studies, 
especially in estuaries. Many studies have focussed on the influence of global change, 
especially the effect of climate change on fish communities (Cyrus & Vivier, 2006a, b; Cyrus 
et al., 2010; James et al., 2008a, b; Clarke et al., 2009; Whitfield & Cowley, 2010; Kisten et 
al., 2017). Considerable progress has been made towards a better understanding of the structure 
and functioning of biological variables in South African estuaries, although much of these 
studies are focused on selected key estuaries (Strydom et al., 2003; Lurkey et al., 2006; 
Wooldridge, 2007; James et al., 2008a, b). There is a great need to understand the composition 
and dynamics of estuarine communities by using a multi-estuary approach and only a few 
studies in South Africa have focussed on this (Maree et al., 2000; Strydom et al., 2003; 
Harrison, 2005; Vorwerk, 2006; Grant, 2007; Henniger, 2008; James & Harrison, 2010a, b; 
Wasserman & Strydom, 2011; Strydom, 2015).  
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 3. An overview of international estuarine studies  
The importance of estuaries also received extensive international recognition, by playing a 
crucial role in maintaining the biodiversity in aquatic systems, particularly for fish (França et 
al., 2011). Fish communities inhabiting estuaries has been extensively studied worldwide 
(Elliott et al., 2007) and much like national studies, focus has been placed on habitat utilisation, 
particularly submerged macrophytes (Lubbers et al., 1990; Valinoti et al., 2011; Schein et al., 
2012), mangroves (Laegdsgaard & Johnson, 1995; Nagelkerken et al., 2008; Nanjo et al., 2011; 
Sheaves et al., 2015), eelgrass (Hunter-Thomson et al., 2002; Johnson et al., 2003; Zhang et 
al., 2014; Dance & Rooker, 2015; Freedman et al., 2016) and shallow water habitats (Sheaves, 
2001; Hajisamae & Chou, 2003; Clark et al., 2003; Baker & Sheaves, 2009; Ryer et al., 2010). 
Estuarine community changes associated with introduced and invasive plant species have also 
received considerable attention (Posey, 1988; Weinstein & Balletto, 1999; Hanson et al., 2002; 
Weiss & Weiss, 2003; Adday, 2007; Schultz & Dibble, 2012; Jones et al., 2014).  
Since 2002, there has been an increase in the number of studies in West Africa, Southeast and 
South Asia and South America pertaining to the ecology of estuarine fish faunas. This includes 
a wide variety of fields such as a further understanding of the role of salinity and temperature 
in estuaries (Roessig et al., 2004; Barletta et al., 2005; Elliott et al., 2007; Sosa-Lopez et al., 
2007; Eme et al., 2011; Munk et al., 2014), turbidity and habitat diversity (Johnston et al., 2007; 
Oi & Chong, 2011; Prabhakaran et al., 2013), connectivity between habitats (Mumby, 2006; 
Unsworth et al., 2009; Selleslagh et al., 2015), freshwater flow (Staunton-Smith et al., 2004; 
Halliday et al., 2008; Jenkins et al., 2015), ecological drivers of spatial variability (Kopp et al., 
2013; Valesini et al., 2014; Solari et al., 2015), movement patterns (Milton & Chenery, 2003; 
Hogan et al., 2007; Meynecke et al., 2008; Ramos et al., 2016), larval adaptations and the 
viability of areas heavily impacted by human activities (Jaafar et al., 2004; Shervette et al., 
2007; Rose, 2008; Crook et al., 2015; Arthington et al., 2016; Cloern et al., 2016; Valesini et 
al., 2017).  
The use of stable isotopes is increasingly being used within estuarine environments to gain 
better understanding of both the resource and habitat use of fishes. They have been applied 
since the 1970’s and their use has since become increasingly widespread (Minagawa & Wada, 
1984; McClelland & Valiela, 1997; Pinnegar & Polunin, 1999., Post, 2002; Lin et al., 2007; 
Abrantes & Sheaves, 2009; Faye et al., 2011; Olsen et al., 2013; Selleslagh et al., 2015). There 
has also been a significant advance in the use of guilds and biodiversity models as information 
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in fish utilization patterns in estuaries becomes clearer (Elliott et al., 2007; Hoeinghaus et al., 
2011; Potter et al., 2015). The effects of fishing itself have been reviewed and are often related 
to conservation studies, the effects of anthropogenic activities have been studied and includes 
important advances in mitigation (Kurokura et al., 2008; Blaber, 2008, 2009; Ferguson et al., 
2014; Hallet et al., 2016; Harris et al., 2016). The restoration of estuarine habitats, such as 
mangrove forests, seagrass and wetland habitats, which is mostly taking part in Australia and 
USA is becoming more recognized and the design of reserves and the use of protected areas as 
management tools have also gained credibility (Lotze et al., 2006; Sealey & Constantine, 2008; 
Barletta et al., 2010; Chong et al., 2010; Russel et al., 2011; Sherwood & Greening, 2014; 
Bigford & Lee, 2016), and finally, the evidence for actual and potential effects of climate 
change have also been explored (Stainforth et al., 2005; Dulvy et al., 2008; Wormworth & 
Sekercioglu, 2011; Chaalali et al., 2013; Morrongiello et al., 2014; Baptista et al., 2015; Feyer 
et al., 2015).  
 
4. Rationale  
The coastline of South Africa is endowed with roughly 300 functional estuarine systems along 
a 3100 km stretch with only 48 of these systems maintaining a permanent tidal inlet with the 
sea (Whitfield & Baliwe, 2013; Van Niekerk & Turpie, 2012). These systems are characterized 
by their catchments of >500 km2 and often >10 000 km2 with rivers having a perennial flow in 
their natural condition. Generally, they have a large wetland area occupied by salt marshes in 
the more temperate regions with seagrass Zostera capensis and eelgrass Spartina maritima 
colonizing the intertidal or subtidal regions particularly in the lower and middle reaches 
(Whitfield, 1992). These regions are categorized with great species richness and diversities 
reaching their peak in autumn/summer primarily by those marine species migrating into 
estuaries as juveniles where they would remain for at least two years before returning to the 
open sea (Bennett, 1989). Considerable progress has been made towards a better understanding 
of the structure and functioning within South African estuaries, although these studies tend to 
focus on select key estuaries. There is an increasing need to understand and elaborate on the 
composition and dynamics of estuarine communities by using a multi-estuary approach. 
According to Whitfield & Baliwe (2013), the status of available information on 79% of South 
African estuaries could be classified as nil to poor, with 10% having moderate information and 
11% having good or excellent information. Basic ichthyofaunal studies on the fish communities 
along with the described physico-chemical variables within these systems provide an appraisal 
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towards the nursery potential of these systems and add to their current information (James & 
Harrison, 2010a). The overexploitation of marine species within estuaries continues to rise with 
increasing pressure from human development. With the use of current and historical data, 
abundance and community differences could be analysed and used towards conservation and 
proper management for important recreational species.  
Studies pertaining to the value of shallow water refuge and availability within estuaries are 
lacking both nationally and internationally. These areas are known for supporting numerous 
estuarine and marine-estuarine dependent species in very high abundances due to their 
structural characteristics (Able et al., 1999; Sheaves, 2001; Hajisamae & Chou, 2003). One of 
the fundamental paradigms of shallow water habitats within estuaries is that they provide 
vulnerable nekton with refuge from predation due to impaired visuals caused by turbid 
conditions occurring in many estuaries (Sheaves, 2001; Baker & Sheaves, 2007). It is also 
thought that shallow water restricts the movement of larger fish, thereby contributing to the 
nursery function of shallow seagrass (Smith et al., 2012). The South African coast has a 
maximum tidal range of 2 m between successive high and low spring tides resulting in varying 
degree of availability of intertidal vegetation (Whitfield, 1992).  
Submerged aquatic vegetation significantly adds to the nursery value of estuaries due to its 
structural complexity creating not only shelter from predation, but also serve as rich feeding 
grounds for juvenile fishes (Marais, 1988; Beck et al., 2001; Vasconcelos et al., 2011). The 
utilisation of vegetated habitats within estuaries has received considerable attention in the past, 
although they seem to focus only on specific habitats such as the seagrass Zostera capensis. It 
is generally accepted that these structured habitats play an important role in the structuring of 
estuarine communities where higher fish abundance is commonly associated with vegetated 
habitats compared to unvegetated habitats in estuaries worldwide (Hudges et al., 2002; Joseph 
et al., 2013; Dance & Rooker, 2015). Studies regarding additional habitat types such as salt 
marsh Spartina maritima and the common reed Phragmites australis have received limited 
attention in South Africa to date, due to the difficulty of sampling within these structured 
habitats. With the use of passive gear such as fyke nets, these communities could be explored 
during tidal inundation. 
Studies pertaining to the feeding ecology of fishes are important to understand the processes 
that function at individual, population and community levels, which form the baseline for 
management and conservation of populations and habitats. Further knowledge is therefore 
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needed on aspects influencing the acquisition and assimilation of food as this has significant 
consequences for the condition, growth, survival and recruitment of fishes, particularly larval 
and juvenile fishes, which are most vulnerable to predation, competition, disease and 
environmental perturbations (França et al., 2011; Bruno et al., 2013). Despite years of research 
on habitat-use and feeding ecology, there is still a great need in improving our knowledge about 
the trophic structure of estuarine ecosystems. Most of the studies have focused on gut content 
analysis in order to understand food web structure, but for the past three decades a new method 
via stable isotopes has been employed to study the trophic interactions within ecosystems. 
Due to anthropogenic influences that continues to threaten the degradation of many 
ecosystems, the need for identifying and preserving those habitats critical for survival and 
sustainable utilization of estuarine and marine species increases (Marthino et al., 2007; Chittaro 
et al., 2009). The identification of estuarine ecosystem reserves can be seen as a mechanism 
for protecting a representative sample of the biodiversity accompanied by using a complete 
range of environmental gradients and habitat types at a reasonable scale in order to maximize 
the protection of estuarine species (Banks et al., 2005). Using theories such as the nursery-role 
concept, researchers are better equipped at identifying habitats, more specifically the sites 
within habitats that serve as nurseries for species, therefore focussing efforts on conservation, 
restoration and management (Beck et al., 2001). Since estuarine management can be complex 
due to its exposure to marine, riverine and terrestrial ecosystems, they require integrated cross-
sectorial planning and management that includes both stakeholders and the scientific 
community (Borja et al., 2008; DEA, 2013). 
 
5. Aims and objectives  
The aim of this study was to assess the current diversity and abundance of assemblages within 
five permanently open estuaries in the temperate Eastern Cape Province over a span of two 
years. This work focussed on quantifying and qualifying assemblages of estuarine and marine 
spawned fishes in varying habitat types in order to assess refuge utilization and feeding 
ecology. Additionally, the availability of shallow water will be assessed as an additional driver 
to evaluate nursery value and finally prioritize estuaries and critical habitats for their nursery 
function by working biological and physico-chemical information into current conservation 
planning software both within and between estuaries in the biogeographic region.  
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The objectives of the present study were to assess the:  
➢ Abundance and diversity of juvenile fishes in five warm temperate estuaries with notes 
on historical catch shifts, South Africa (Chapter 2) 
➢ Shallow water availability as an additional driver of nursery value in five temperate 
estuaries in the Eastern Cape (Chapter 3) 
➢ Habitat partitioning in juvenile fishes associated with three vegetation types in selected 
warm temperate estuaries, South Africa (Chapter 4) 
➢ Feeding ecology of Rhabdosargus holubi (Family Sparidae) in multiple vegetated 
refugia of selected warm temperate estuaries in South Africa (Chapter 5) 
➢ Habitat prioritization of essential nursery habitats in selected warm temperate estuaries 
in South Africa (Chapter 6). 
 
6. Thesis structure 
The five chapters of this thesis directly correspond to the five objectives of the study. It is 
presented as a series of scientific papers that will be submitted for publishing. This limits the 
degree of repetition in the introduction, method and study sites for each section. This collective 
work is preceded by a general introduction and a synthesis and conclusion section follows the 
content chapters.   
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CHAPTER 2 
ABUNDANCE AND DIVERSITY OF JUVENILE FISHES IN FIVE WARM 
TEMPERATE ESTUARIES WITH NOTES ON HISTORICAL CATCH 
SHIFTS, SOUTH AFRICA 
Summary 
Estuaries and coastal areas are commonly acknowledged as highly productive and valuable 
ecosystems providing nursery areas for commercially and recreationally important marine fish 
species, many of which face major decline in adult populations as a result of fishing pressure 
and habitat loss. The study assessed the abundance and species diversity of juvenile fishes in 
five permanently open estuaries along the temperate Eastern Cape coast of South Africa. This 
was compared with historical catches from the same estuaries at six equidistant sites in each 
estuary using a 50 m seine net with a mesh size of 12 mm along the length of each estuary. A 
total of 81 428 (comprising 24 families and 40 species) fishes were sampled during the spring 
to early summer recruitment period (October – December 2014 & 2015). Highest catches were 
recorded in the Sundays Estuary and dominated by the family Sparidae (mainly Rhabdosargus 
holubi). Due to excessive flooding after heavy rainfalls, the following year resulted in a decline 
of 82% in the catch per unit effort for estuaries altogether. Significant differences were detected 
in catch per unit effort between sampling years and amongst estuaries. Significant differences 
were also noted in total length of species between vegetated and unvegetated habitat sites. 
Species compositions and catch abundance with regards to historical catches (1984-1995) 
showed that the abundance of many estuarine dependent juveniles and important recreational 
species have declined within these systems possibly attributed to marine overfishing, the 
exploitation of undersized individuals and habitat degradation as well as shifting environmental 
parameters in estuarine nurseries. This study provides a current juvenile ichthyofaunal stock 
assessment that can be used to assist with strategic conservation and management planning in 
the face of global change.  
 
Keywords: Ichthyofauna, nursery areas, recruitment, community, abundance, overfishing 
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1. Introduction 
Estuaries are known as highly productive and valuable ecosystems. They are characterized by 
a variety of refuge and feeding areas and generally support a high abundance of juvenile fishes 
and invertebrates in low diversities (Wallace et al., 1984; Marais, 1988; Whitfield, 1998; Beck 
et al., 2001; Able 2005; Vasconcelos et al., 2010). Despite the role that food and refuge plays, 
physico-chemical factors such as turbidity, freshwater inflow, temperature, flood occurrence 
and the status of the mouth are also important drivers of the abundance of fishes in estuaries 
(Marais, 1988). More recently, declines in adult populations have also been linked to juvenile 
fish abundance shifts in coastal waters (Jackson et al., 2001; Hutchings & Reynolds, 2004; 
Rishworth et al., 2014). 
Fishes are using estuaries in numerous ways for example, many are spawned in the ocean 
before entering estuaries for variable periods while others complete their entire life cycle within 
the estuary (Wallace et al., 1984; Whitfield, 1998). Some use these systems as a migratory 
route from their marine spawning areas to reach their freshwater feeding areas or vice versa 
(Boehlert & Mundy, 1988; Potter et al., 2015). While the degree of estuarine-dependence is 
quite variable among species, many of these species rely on sheltered estuarine environments 
to ensure survival (Able, 2005; Potter et al., 2015). Migration of marine-spawned larvae and 
juveniles into estuaries typically commences during the spring to early summer where higher 
temperatures and rich food supply favour rapid growth (Wallace et al., 1984; Vasconcelos et 
al., 2010; Strydom, 2015). This process is driven by a set of sensory cues and physico-chemical 
factors to which young fishes respond and each require a distinct set of behaviours to reach 
their optimum environment (Boehlert & Mundy, 1988; Whitfield, 1994; Kingsford et al., 
2002). Permanently open estuaries generally accommodate a much greater diversity and 
species richness and favour the recruitment of marine-estuarine dependent species when there 
is a good supply of freshwater (Potter et al., 2001; Strydom et al., 2003). Their survival is 
notably influenced by their condition upon entering estuaries following adverse physiological 
and environmental challenges (Schloesser, 2015). 
Understanding the significance of these systems in terms of nursery function is vital especially 
with the respect to the survival of commercially and recreationally important South African 
fish populations such as Argyrosomus japonicus (Sciaenidae), Lithognathus lithognathus and 
Rhabdosargus holubi (Sparidae), Pomadasys commersonnii (Haemulidae) and Lichia amia 
(Carangidae) are dependent on estuaries in South Africa (Wallace et al., 1984; Whitfield & 
Pattrick, 2015). Adults of these species inhabit coastal and continental shelf waters and 
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understanding their usage patterns assists with managing sustainable populations (Griffiths, 
1996; Whitfield & Cowley, 2010; Childs, 2005; Cowley et al., 2008; Bennett et al., 2015). Due 
to the complex life histories of fishes, their habitat usage varies widely among life history 
stages and thereby affects competitive interactions and their ability to obtain food (Levin et al., 
1997; Able, 2005; Harrison & Whitfield, 2006a). The use of segregated or specialized habitats 
during early life stages is a key ecological feature of these species and the nursery function is 
likely to vary among/within estuaries due to estuarine recruitment, habitat quality and quantity 
(Beckley, 1983; Paterson & Whitfield, 2003; Vasconcelos et al., 2011; Edworthy & Strydom, 
2016).  
Increasing pressure from human development urges the need for identifying and preserving 
habitats critical to the survival and sustainable utilization of fish populations (Martinho et al., 
2007). This study assessed the current abundance and distribution of juvenile fishes within five 
permanently open estuaries in the temperate Eastern Cape and compared these with abundance 
data from previous studies whilst focusing on the recreationally and economically important 
marine species. Since no two estuaries are the same in terms of biotic and abiotic factors, it 
was hypothesized that the estuarine ichthyofauna would also be different across these systems. 
It was also expected that there would be a decline in the abundance of important recreationally 
targeted linefish-species due to overexploitation of spawning adults and juveniles. By assessing 
juvenile fish patterns, factors that define their occurrence and abundance in estuaries will be 
identified. Historical comparative studies are lacking in estuaries and are essential to 
understand the extent of changes to fish populations in the face of rapid global change (Bruno 
et al., 2013; Ermgassen et al., 2012).  
 
2. Methods and Materials 
2.1. Study Site 
This study focused on five permanently open estuaries in the warm temperate regions of the 
Eastern Cape Province in South Africa (Figure 1). Permanently open estuaries in South Africa 
are characterized by having a moderate tidal prism (1-10 x 106 m3) with a horizontal salinity 
gradient and vertical salinity stratification, ranging between 15 and 40. The catchments are 
often greater than 500 km2 and can exceed 10 000 km2 in those systems that have a constant 
flow and with large tidal prisms (Whitfield, 1994, 1998). These five estuaries namely the, 
Kromme, Gamtoos, Swartkops, Sundays and Swartkops all possess similar tidal fluctuations 
 Chapter 2 
34 
 
but varying freshwater inflow due to catchment dynamics and anthropogenic alterations. The 
physical characteristics of these systems are summarised in Table 1.  
 
2.2. Field sampling and laboratory analysis  
Fishes were collected once a month, for three consecutive months during the peak recruitment 
period of juvenile marine fishes in the late spring to summer of 2014 and 2015. In each estuary, 
a single 50 m (2 m deep and 12 mm mesh size) seine net haul was completed at six fixed sites 
approximately 2.5 km apart irrespective of the tide. Netting was carried out during the day and 
was limited to shallow (<1.5 m deep) unobstructed areas with gently sloping banks. Each fish 
was identified in the field to the lowest taxon, measured to the nearest mm total length (TL) 
before they were returned alive to the system. Specimens that could not be identified in the 
field were fixed in 10% buffered formalin for further laboratory analysis. Catches were 
expressed as catch per unit effort (CPUE). Each site was classified according to dominant 
habitat type. These were sand habitats, characterized as bare unvegetated areas found in the 
lower reaches of estuaries and mud habitats, which were categorized as unvegetated mud and 
mud associated with vegetation (i.e. Zostera capensis or Phragmites australis). At each site, 
physico-chemical measurements of temperature (°C), salinity (PSU), turbidity (NTU), pH, total 
dissolved solids (TDS), conductivity and dissolved oxygen (%) were taken along the surface 
by using a YSI 6600 multi-parameter meter. Sites were classified according to a modified 
Venice system for classification of salinity zones in south and west coast South African 
estuaries (Strydom et al., 2003). The guild approach comprising of four main categories  
Table 1: Physical characteristics including catchment size (km2), mean annual run-off (MAR), approximate 
length (km) and coordinates of mouth for the five Eastern Cape estuaries sampled during October –
December 2014 and 2015. 
 Kromme Gamtoos Swartkops Sundays Kariega 
Catchment (km2) 936 34 438 1 354 20 990 688 
MAR (m3) 105.5 x 106 485 x 106 3 x 106 200 x 106 15 x 106 
River length (km) ~55 ~75  ~155  ~310 ~ 138  
Mouth 34°8'32.15" S; 
24°50'37.30" E 
33°58'8.42"S; 
25°2'21.48" E 
33°51'53.99" S; 
25°37'55.48" E 
33°43'15.23"S; 
25°51'9.63" E 
33°40'57.16"S; 
26°41'9.81" E 
References Strydom & 
Whitfield, 2000 
Bate et al., 2002 Baird et al., 1986 Bezuidenhout et 
al., 2011 
Whitfield, 1994 
   Baird et al., 1988  Bate et al., 2002 
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Figure 1: Geographic locations of the study sites including the positions of the six sampling sites within each estuary sampled 
during October – December 2014 & 2015. 
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(i.e. estuarine, marine, diadromous, freshwater) was used to categorize species accordingly 
(Potter et al., 2015) (Table 2). 
 
2.3. Statistical analysis 
All physical and biological data were analysed using STATISTICA software version 13, 2015. 
Data were tested for normality and homogeneity of variance using a normal probability plot, 
Shapiro-Wilk and Levene’s test following appropriate square root and log transformations. 
Physical and biological data did not conform to parametric assumptions, therefore only non-
parametric tests were used. Spearman-Rank order correlations were used to determine whether 
Table 2: Definitions of the four different categories and guilds of the estuarine usage functional 
group (Potter et al., 2015). 
Category and guild Code Description of guilds 
Estuarine category  Individuals complete their life cycles within estuaries 
Solely estuarine SE Species only found in estuaries 
Estuarine & marine EM Includes marine populations   
Estuarine & freshwater  EF Includes freshwater populations 
Estuarine migrant EMi 
Species spawning in estuaries whose larvae may be flushed out to 
sea and return to the estuary at some later stage 
Marine category  Species that spawn at sea 
Marine straggler MS 
Species spawning at sea, enters estuaries in low numbers, common 
in the lower reaches where salinities are often below 35  
Marine estuarine opportunist MEO 
Species frequently entering estuaries in large numbers as juveniles, 
but use coastal marine waters as alternative nursery areas to varying 
degrees     
Marine estuarine dependent MED 
Juveniles requires sheltered estuarine habitats, thus not present along 
exposed coasts where they spend rest of their lives  
Diadromous category  Species migrating between sea and freshwater  
Catadromous C Spend their trophic life in freshwater and migrate to sea to spawn 
Freshwater category  Species that spawn in freshwater 
Freshwater straggler FS 
Found in low numbers in estuaries and distribution is limited to the 
low salinity, upper reaches of estuary 
Freshwater estuarine opportunist FEO 
Regularly found in estuaries in moderate numbers and their 
distribution can extend well beyond the oligohaline sections of the 
system  
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physico-chemical variables showed any significant relationship with the abundant fish species 
among estuaries. A non-parametric Kruskal-Wallis (H) ANOVA was used to test for 
differences in physico-chemical variables, fish catch per unit effort (CPUE) and diversity 
indices among sites and sampling years (2014 and 2015), as well as estuarine systems. The 
catch abundance for dominant species according to the habitat types sampled was also 
illustrated. Multivariate analyses and diversity indices such as species number (N), Shannon-
Wiener diversity (H’), Margalef species richness (d) were generated using Primer and 
Permanova+ statistical package version 6, 2009. A Bray-Curtis similarity matrix was generated 
for the data. Analysis of similarity (ANOSIM) was used to detect similarities among the 
sampling years, months, sites and habitats while SIMPER was used to assess the species 
contributions within each estuary as well as the habitat types. The BIO-ENV procedure was 
used to investigate significant relationships between physico-chemical variables and CPUE. 
For community analysis, density data of each system were transformed by   𝑙𝑜𝑔𝑥+1  prior to 
analyses. A significance level of P < 0.05 was used for all statistical analysis. Historical catch 
data on important recreational species such as Pomadasys commersonnii, Argyrosomus 
japonicus, Lichia amia and Lithognathus lithognathus from previous studies in the same 
systems were used to explore historical abundance shifts.       
 
3. Results  
3.1. Environmental variables 
Significant differences between the sampling years were found for TDS (P < 0.02), salinity (P 
< 0.01) and conductivity (P < 0.03) in the Swartkops, Kariega, Kromme and Gamtoos estuaries, 
pH in both Kariega and Gamtoos (P ≤ 0.02) and the only significant variable in the Sundays 
Estuary (P ≤ 0.05). Significant differences were also detected for temperature (P ≤ 0.02), TDS, 
salinity, conductivity (P < 0.0001), turbidity and DO (P < 0.04) among the estuaries. 
Significant differences were also found between sites 1 and 6 for TDS, salinity and conductivity 
in the Swartkops, Sundays, Kromme and Gamtoos estuaries. In Kariega, only temperature (P 
≤ 0.002) was found significant between the two sites. Physico-chemical variables measured 
during the study are summarised in Table 3 as well as in Figures 2 and 3. 
Relatively weak significant correlations were made between fish CPUE and the environmental 
variables among estuaries using the BIOENV procedure (Table 4). Temperature and salinity in 
combination with various environmental variables were the dominant variables for all studied 
estuaries except Gamtoos. There was also a significant but weak correlation (r = 0.21) made 
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between the environmental variables and the combination of all estuaries with temperature, 
salinity and TDS as the dominating variables. 
Table 3: The mean and range (min-max) of physico-chemical parameters measured for each 
sampling year (2014 & 2015) at each estuary during the recruitment period (October – 
December).  
 Kromme Gamtoos 
 2014 2015 2014 2015 
Temp (°C) 21.6 (17 - 26.5) 21.9 (17.8 - 26.4) 22.6 (17.4 - 27.4) 24.1 (20.8 - 28.2) 
TDS 33.5 (30.2 - 35.2) 15.9 (2.3 - 30.6) 10.2 (1.6 - 22.2) 2.3 (0.3 - 11.4) 
Salinity 33.8 (30.2 - 35.8) 15.4 (1.9 - 30.8) 10.1 (1.3 - 21.9) 2.3 (0.2 - 10.3) 
pH  8.3 (5.9 - 10.1) 8 (7.5 - 8.5) 8.6 (6.8 - 10.1) 7.8 (7 - 8.9) 
NTU 21.8 (0 - 186.2) 16.4 (0 - 54.5) 16.1 (0 - 85.5) 23.8 (1.6 - 52.4) 
Conductivity 47.4 (12.2 - 45.7) 23.1 (3.3 - 45.7) 17.1 (2.5 - 34.8) 4.1 (0.4 - 17.9) 
Do (%) 74.6 (32.5 - 135.7) 102.4 (75.1 - 128.4) 81.1 (6.1 - 130.3) 103.2 (78.9 - 159.1) 
 Swartkops Sundays 
 2014 2015 2014 2015 
Temp (°C) 21.9 (18.9-24.9) 23.7 (18 - 27.7) 22.7 (17.4 - 24.7) 23.6 (20.3 - 27.5) 
TDS 16.4 (1.4 - 34) 9.9 (0.7 - 29.1) 12.6 (3.7 - 34.6) 10.8 (1.8 - 30.2) 
Salinity 16.1 (1.1 - 34.5) 8.3 (0.6 - 25.5) 12.1 (3.9 - 35.2) 10.2 (0.1 - 30.2) 
pH  8.2 (3.2 - 10.4) 7.9 (6.9 - 8.9) 8.7 (7.1 - 10.1) 8.1 (7.8 - 8.6) 
NTU 10.4 (0 - 62) 22.9 (4.9 - 57) 34.4 (1.5 - 152.7) 27.9 (3.4 - 84.4) 
Conductivity 25.6 (2.2 - 52.6) 15.4 (1.1 - 42.5) 20.5 (7.1 - 53.2) 15.9 (2.7 - 43.2) 
Do (%) 71.3 (3.7 - 149) 109 (8.4 - 276) 111.6 (31.6 - 194.4) 118.1 (81.5 - 164.7) 
 Kariega  
 2014 2015   
Temp (°C) 20.9 (15.9 - 27.4) 22.8 (18.3 - 25.6)   
TDS 34.5 (32.5 - 35.9) 17.2 (2.2 - 30.2)   
Salinity 35 (32.7 - 35.6) 16.3 (1.7 - 30.9)   
pH  8.5 (5.9 - 10.3) 7.9 (7.8 - 8.2)   
NTU 22.1 (0 - 120.8) 27.4 (6 - 96.7)   
Conductivity 53.1 (50 - 53.9) 25.4 (3 - 45.3)   
Do (%) 71.7 (30 - 106.6) 8.2 (7.2 - 9.6)   
 
   
Table 4: BIOENV results showing Spearman-rank 
correlation and significance levels between fish 
communities and dominant environmental variables of 
catches in each studied system. Temp = temperature, 
tds = total dissolved solids, sal = salinity, cond = 
conductivity, ntu = turbidity. 
 P r Variables 
Kromme 0.03 0.33 sal 
Gamtoos  0.005 0.29 tds, cond 
Swartkops 0.01 0.29 temp, tds, sal 
Sundays 0.005 0.27 tds, sal, ntu 
Kariega 0.27 0.18 temp, sal 
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Figure 2: Mean temperature, salinity and total dissolved solids (TDS) levels at each site within the 
Kromme, Gamtoos, Swartkops, Sundays and Kariega estuaries (October – December 2014 and 2015). 
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Figure 3: Mean turbidity, conductivity dissolved oxygen (DO) levels at each site within the Kromme, 
Gamtoos, Swartkops, Sundays and Kariega estuaries (October – December 2014 and 2015).  
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Table 5: Species and taxa composition, guild classification (Potter et al., 2015), catch per unit effort (CPUE) for each estuary and body length (mm) during the 
recruitment period (October – December 2014 & 2015) in the Kromme, Gamtoos, Swartkops, Sundays and Kariega estuaries. 
Family Species Guild Kromme Gamtoos Swartkops Sundays Kariega CPUE 
Body range 
(min - max) 
Ariidae Galeichthys feliceps MEO - 0.1 (0 - 1) - 0.2 (0 - 4) - 10 123 (48 - 350)  
Atherinidae Atherina breviceps  EM 78.9 (0 - 692) 0.5 (0 - 12) 12.3 (0 - 439) 0.1 (0 - 3) 4.9 (0 - 44) 3483 53.7 (18 - 98) 
Carangidae Lichia amia MED 0.1 (0 - 2) 0.1 (0 - 2) 0.1 (0 - 1) 0.1 (0 - 1) -  12 186.4 (67 - 600) 
Chaetodontidae Chaetodon auriga MS - -  - - 0.1 (0 - 2) 2 31 (30 - 32) 
Cichlidae Oreochromis mossambicus FEO - - - 0.25 (0 - 7) 0.1 (0 - 1) 13 97.2 (21 - 253) 
 Pseudocrenilabrus philander FS - - 0.03 (0 - 1) - - 1 60  
Clariidae Clarias gariepinus FS - 0.03 (0 - 1) - - - 1 480 
Clinidae Clinus superciliosus  EM 0.9 (0 - 10) 0.1 (0 - 3) 0.5 (0 - 14) - 3.5 (0 - 82) 179 62 (25 - 165) 
Clupeidae Gilchristella aestuaria SE 25.5 (0 - 280) 397.2 (0 - 4670) 149.8 (0 - 144) 775 (0 - 5790) 26.4 (0 - 949) 49748 49.4 (15 - 90) 
Cyprinidae Cyprinus carpio FS - 0.1 (0 - 2) - 0.1 (0 - 1) - 6 619 (560 - 648) 
Gobiidae Caffrogobius gilchristi EM 7.8 (0 - 50) 7.6 (0 - 181) 19 (0 - 386) 15.4 (0 - 187) 13.2 (0 - 156) 2270 49 (12 - 149) 
 Caffrogobius nudiceps EM 5.1 (0 - 31) 0.3 (0 - 11) 2.3 (0 - 25) 1.1 (0 - 19) 10.1 (0 - 126) 675 54 (14 - 135) 
 Glossogobius callidus EF 2.8 (0 - 57) 0.5 (0 - 4) 0.7 (0 - 8) 1.4 (0 - 25) 28.9 (0 - 173) 1232 61.3 (26 - 110) 
 Psammogobius knysnaensis EMi 8.9 (0 - 189) 4.6 (0 - 28) 10.9 (0 - 81) 6.9 (0 - 46) 8.7 (0 - 95) 1444 44 (20 - 78) 
Haemulidae Pomadasys commersonnii MED 0.2 (0 - 3) 0.4 (0 - 5) 1.3 (0 - 19) 9.6 (0 - 94) 2.9 (0 - 45) 518 101 (20 - 550) 
 Pomadasys olivaceum MS 1.1 (0 - 28) - 1.5 (0 - 47) 0.03 (0 - 1) -  92 53 (30 - 96) 
Hemiramphidae Hyporhamphus capensis SE 0.2 (0 - 2) 0.03 (0 - 1) - - 0.8 (0 - 19) 38 142 (95 - 220) 
Monodactylidae Monodactylus falciformis MED 0.5 (0 - 7) 0.4 (0 - 11) 0.9 (0 - 16) 0.25 (0 - 3) 0.8 (0 - 7) 104 66 (16 - 157) 
Mugilidae Liza dumerilii MEO 0.1 (0 -1) 0.6 (0 - 10) 0.9 (0 - 16) 1.3 (0 - 16) 5 (0 - 73) 248 169 (55 - 305) 
 Liza macrolepis MED 1.4 (0 - 42) 0.1 (0 - 2) 0.3 (0 - 5) 17.3 (0 - 380) 0.9 (0 - 27) 714 97 (21 - 305) 
 Liza richardsonii MEO 20.7 (0 - 285) 11.5 (0 - 168) 7.2 (0 - 65) 11.6 (0 - 154) 9.4 (0 - 118) 2173 107 (25 - 350) 
 Liza tricuspidens MEO 0.1 (0 - 2) 0.1 (0 - 3) 2.1 (0 - 64) - - 80 171 (93 - 335) 
 Mugil cephalus MED 0.6 (0 - 8) 2.5 (0 - 32) 0.4 (0 - 5) 1.8 (0 - 16) 0.6 (0 - 21) 209 123 (14 - 390) 
 Myxus capensis MEO 2.9 (0 - 25) 6.5 (0 - 75) 5.5 (0 - 101) 8.5 (0 - 72) 0.7 (0 - 6) 869 68 (12 - 350) 
Paralichthyidae Pseudorhombus arsius MS - 0.03 (0 - 1) - - - 1 208  
Platycephalidae Platycephalus indicus MEO - - 0.03 (0 - 1) - - 1 181  
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Table 5 cont: Species and taxa composition, guild classification (Potter et al., 2015), catch per unit effort (CPUE) for each estuary and body length (mm) 
during the recruitment period (October – December 2014 & 2015) in the Kromme, Gamtoos, Swartkops, Sundays and Kariega estuaries. 
Family Species Guild Kromme Gamtoos Swartkops Sundays Kariega CPUE 
Body range 
(min - max) 
Pomatomidae Pomatomus saltatrix MEO 0.2 (0 - 5) 0.03 (0 - 1) 0.03 (0 - 1) - 0.1 (0 - 1) 9 76 (34 - 186) 
Sciaenidae Argyrosomus japonicus MED - 0.03 (0 - 1) 0.03 (0 - 1) 0.2 (0 - 4) 0.1 (0 - 2) 11 372 (160 - 780) 
Soleidae Heteromycteris capensis MEO 17.2 (0 - 390) 4.1 (0 - 56) 8.4 (0 - 75) 1.8 (0 - 26) 14.9 (0 - 322) 1667 42 (12 - 83) 
 Solea turbynei MEO 1.7 (0 -12) 4.1 (0 - 22) 5.8 (0 - 31) 9.3 (0 - 90) 14.1 (0 - 66) 1262 55 (19 - 95) 
Sparidae Diplodus capensis MEO 3.1 (0 - 18) 2.3 (0 - 25) 46.2 (0 - 834) 0.03 (0 - 1) 3.2 (0 - 43) 1971 33 (11 - 126) 
 Diplodus cervinus MS 0.6 (0 - 6) - 0.4 (0 - 7) - 0.2 (0 - 3) 41 39 (19 - 129) 
 Lithognathus lithognathus MED 2.1 (0 - 49) 3.9 (0 - 32) 2.6 (0 - 45) 2.4 (0 - 25) 0.2 (0 - 6) 403 71 (22 - 330) 
 Rhabdosargus globiceps MEO 1.2 (0 - 16) 0 .3 (0 – 8) 11.9 (0 -244) 1.1 (0 - 15) - 526 42 (12 - 240) 
 Rhabdosargus holubi MED 32.8 (0 -140) 123.5 (0 - 1045) 56.9 (0 - 560) 15.6 (0 - 1859) 56.8 (0 - 287) 11580 77 (14 - 345) 
 Sarpa salpa MEO 0.2 (0 - 5) 0.03 (0.01) 0.5 (0 - 16) -  - 25 39 (17 - 65) 
Syngnathidae Syngnathus temminckii EM 0.3 (0 - 8) - 0.1 (0 - 2) 0.03 (0 - 1) 0.3 (0 - 3) 29 145 (91 - 215) 
Tetraodontidae Amblyrhynchotes honckenii MS 0.1 (0 - 1) 0.03 (0 - 1) 0.03 (0 - 1) - 0.1 (0 - 1) 9 71.4 (24 - 141) 
Torpedinidae Torpedo fuscomaculata MEO 0.03 (0 - 1) 0.03 (0 - 1) - - 0.1 (0 - 1) 4 252 (160 - 350) 
Triglidae Chelidonichthys kumu MS 0.03 (0 - 1) - - - 0.03 (0 - 1) 2 70 
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Dominating species from the estuarine and marine categories among estuaries showed 
significant correlations towards the physico-chemical variables temperature, TDS and salinity.       
3.2. Species composition  
A total of 81 428 fishes (Table 5) were sampled during the recruitment period of 2014 and 
2015 belonging to 24 families and 40 species. A higher catch per unit effort (CPUE) was 
recorded in 2014 (68 875) compared to the following year where a decline of approximately 
82% was observed in the catch (12 553) for all estuaries except the Kromme Estuary. The 
highest catches were recorded in the Sundays Estuary with 33 044 fishes from 14 families and 
26 species mainly dominated by MED Rhabdosargus holubi (Sparidae) (35.1%), SE 
Gilchristella aestuaria (Clupeidae) (28.5%) and MEO Solea turbynei (Soleidae) (7.1%). The 
second highest catches were recorded in the Gamtoos Estuary with 20 579 fishes from 19 
families and 32 species and dominated by R. holubi (44.7%), G. aestuaria (10.7%) and MEO 
Liza richardsonii (Mugilidae) (10.4%). The third highest catches were recorded in the 
Swartkops Estuary with 12 548 fishes from 16 families and 31 species and dominated by R. 
holubi (27.2%), the EMi, Psammogobius knysnaensis (Gobiidae) (15.8%) and S. turbynei 
(14.4%). In the Kromme Estuary, 7809 fishes from 16 families and 31 species were recorded. 
Catches were mainly dominated by R. holubi (31.3%), the EM Atherina breviceps 
(Atherinidae) (14.1%) and L. richardsonii (9.2%). The lowest catches were recorded in the 
Kariega Estuary with 7448 fishes from 18 families and 29 species and dominated by R. holubi 
(34.6%), EF Glossogobius callidus (Gobiidae) (12.1%) and S. turbynei (10.4%). 
3.3. Temporal and spatial trends in CPUE 
There were significant differences in the CPUE between sampling years for individual 
estuaries; Swartkops (H = 17.4; P < 0.0001), Kromme (H= 12.1; P ≤ 0.0005), Gamtoos (H = 
14.5; P < 0.0005), Kariega (H = 6.9; P < 0.01), Sundays (H = 11.3; P < 0.0005) and for the 
months, Swartkops (H = 18.6; P < 0.005), Kromme (H= 17.4; P < 0.005), Gamtoos (H = 19.3; 
P < 0.005), Kariega (H = 11.4; P < 0.04), Sundays (H = 12.6; P < 0.005). There were no 
significant differences for CPUE among the sites, but significant differences were evidenced 
for dominant species in three of the estuaries. In Kromme, significant differences were detected 
for R. holubi (P < 0.0005) and L. richardsonii (P ≤ 0.01), in Kariega, R. holubi (P ≤ 0.001) and 
S. turbynei (P ≤ 0.001) and Gamtoos, L. richardsonii (P < 0.05). Significant differences 
between the sampling years were mainly attributed to the abundances of G. aestuaria, R. 
holubi, A. breviceps, EM Caffrogobius gilchristi (Gobiidae), P. knysnaensis in 2014 and G. 
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aestuaria R. holubi, A. breviceps, C. gilchristi and P. knysnaensis the following year. Total 
lengths for species were compared among estuaries. Kromme Estuary showed that the majority 
of the species C. gilchristi, EM C. nudiceps, MEO L. dumerilii, L. richardsonii, MED Mugil 
cephalus, MEO Myxus capensis, MED Pomadasys commersonnii & R. holubi) were 
significantly larger followed by Gamtoos (MEO Heteromycteris capensis, MED L. macrolepis, 
MED Lithognathus lithognathus, MED Monodactylus falciformis & P. knysnaensis), Sundays 
(A. breviceps, G. aestuaria & S. turbynei), Swartkops (MEO Diplodus capensis, G. callidus & 
MEO R. globiceps) and Kariega. 
3.4. Habitat association among estuaries 
A community analysis based on habitat description for each site indicated that R. holubi was 
the most abundant species in any of the habitats. The most abundant species (>10%) in the sand 
habitats were R. holubi (24.8%), L. richardsonii (17%), the MEO Heteromycteris capensis 
(Soleidae) (14.2%) and P. knysnaensis (13.4%). In the mud habitats, the most abundant species 
were R. holubi (40.3%), S. turbynei (14.7%) and G. aestuaria (10.6%). Habitats comprised of 
mud and the presence of the eelgrass Z. capensis was mainly occupied by R. holubi (32.9 %), 
C. gilchristi (Gobiidae) (15.6%) and EM C. nudiceps (Gobiidae) (11.0%). Habitats comprised 
of mud and the presence of the common reed P. australis was mainly occupied by R. holubi 
(40.5%) and G. aestuaria (29.5%). The CPUE among the four habitat types did not show any 
significant differences among any of the estuaries with the exception of mud vs. sand in Kariega 
(P < 0.05). Significant differences were also seen between mud and sand habitats in 2014 (P ≤ 
0.01) as well as sand and P. australis mud habitats (P < 0.01) but no significant differences 
were observed for 2015. Species richness and diversity among habitats was the lowest in mud 
habitats associated with P. australis (d = 2.2; H’= 1.6) followed by sand (d = 2.2; H’= 1.7), 
mud (d = 2.5; H’= 1.8) and mud associated with Z. capensis (d = 2.8; H’ = 2). Vegetated 
habitats with Z. capensis and P. australis indicated a presence of significantly larger individuals 
compared to the unvegetated mud and sand habitats with the majority belonging to the marine 
estuarine dependent category. Percentage catch per unit effort for dominant species within the 
estuarine and marine categories were categorized according to the habitats in which they were 
recorded and shown in Figure 5. It was clear that only a few species were extensively associated 
with the unvegetated sandy habitats commonly found in the lower reaches compared to the 
muddy and vegetated mud habitats where higher catch contributions were recorded.  
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3.5. Temporal and spatial trends in species richness and diversity 
There were no significant differences among any of the estuaries in terms of species richness 
or species diversity and the highest species richness (d = 2.6) and diversity (H’= 1.9) were both 
recorded in the Kariega Estuary and was closely followed by Kromme (d = 2.2; H’ = 1.9) with 
the lowest results seen in the Swartkops Estuary (d=2.1; H’=1.6). No significant differences 
were detected among estuaries, but significant differences were detected between the sampling 
years for species richness (P ≤ 0.005) and species diversity (P < 0.0001). There were no clear 
distribution patterns among the sites although higher values were often recorded in the lower 
reaches of these systems. Species richness and diversity indices according to each site among 
estuaries are indicated in Table 5.   
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Figure 5: Percentage catch contributions for the dominant species from the estuarine and marine 
categories according to the associated habitat types. Species have further been classified according to 
their guild (Potter et al. 2015).  
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3.6. Community analysis 
Analyses of similarity (ANOSIM) showed significant differences between the sampling years, 
sites and habitats among each of the estuaries except sites in the Sundays Estuary and both sites 
and habitats in the Gamtoos Estuary. ANOSIM results for each system are summarized in Table 
6. The test statistic R is constrained between -1 and 1, where positive numbers suggest more 
similarity within sites. The SIMPER analysis used to assess differences in fish communities 
between habitats and estuaries consistently highlighted G. aestuaria and R. holubi as the 
species contributing to the dissimilarities in the catches.    
3.7. Historical catch contributions data  
Due to the lack of studies using similar gear sizes historically or obtaining raw and/or 
unpublished data within the same systems, three single studies (Winter, 1979; Beckley, 1984; 
Strydom, 1995) and one multi-estuary survey (James & Harrison, 2010a, b) was used to 
determine frequency of occurrence and where possible size categories. The above-mentioned 
studies were limited to seine netting only, and all but one (Beckley, 1984) used similar gear 
size (50 m (2 m deep and 12 mm mesh)) with an additional 10 m (2 m deep and 2 mm mesh).   
Table 5: Species number range (N), species richness (d) and species diversity (H’) 
according to each site among all estuaries and indices mean for each system 
 Kromme Gamtoos Swartkops 
 N d H' N d H' N d H' 
1 7.6 (5-10) 2.3 1.8 8 (5-13) 2.5 1.9 8.6 (4-13) 2.6 1.8 
2 6.3 (3-9) 2 1.7 9.5 (6-12) 2.8 2 5 (2-10) 1.8 1.3 
3 10.8 (9-13) 3.2 2.2 8.5 (6-11) 2.5 1.9 7.3 (6-10) 2.3 1.8 
4 9.2 (5-11) 2.4 1.9 7 (4-13) 2.3 1.6 6.8 (1-10) 2.1 1.6 
5 8.5 (6-11) 2.6 1.9 7 (4-11) 2.4 1.7 7 (2-10) 2.1 1.7 
6 8.3 (4-12) 2.4 1.7 5.7 (3-8) 2.2 1.5 6.1 (3-9) 2 1.6 
  2.5 1.9  2.5 1.8  2.1 1.6 
 Sundays Kariega    
 N d H' N d H'    
1 6.1 (2-6) 1.9 1.5 8.2 (5-13)  2.5 1.9    
2 8.2 (5-12) 2.4 1.9 6.8 (3-9)  2.3 1.7    
3 9.2 (4-13) 2.6 2 10.8 (9-13) 3.1 2.1    
4 6.8 (3-13) 2 1.6 9.2 (5-11) 2.8 2    
5 7.5 (1-15) 2.2 1.5 8.5 (6-11) 2.6 2    
6 7.5 (2-11) 2.2 1.7 8.3 (4-12) 2.4 1.9    
  2.2 1.7  2.6 1.9    
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Table 6: ANOSIM results showing similarities 
among communities within each system.  
  P Global R statistic 
Kromme   
Year  0.001 0.32 
Sites 0.001 0.32 
Habitats 0.007 0.21 
Gamtoos    
Year  0.001 0.42 
Sites > 0.05 - 
Habitats > 0.05 - 
Swartkops   
Year 0.001 0.19 
Sites  0.001 0.29 
Habitats  0.021 0.12 
Sundays   
Year 0.003 0.16 
Sites > 0.05 - 
Habitats 0.005 0.2 
Kariega   
Year 0.001 0.22 
Sites 0.001 0.27 
Habitats 0.001 0.46 
 
The survey completed by James & Harrison (2010a, b) included a basic fish assessment using 
a 30 m (1.7 m deep and 15 mm mesh size) net between September and October 1992 - 1995 
and included all five of the current estuaries. Raw data were available and thus this study was 
used to assess only the change in catch abundance and illustrate the size composition of the 
four important recreational species (i.e. A. japonicus, L. amia, P. commersonnii, L. 
lithognathus). The results based on the catch abundance followed a theory that a 30 m seine 
net with similar mesh size (15 vs 12 mm) would contribute less individuals due to area sampled 
(300 vs 550 m2). Based on the mesh size, the 50 m net would be able to target slightly smaller 
individuals. This study did not include any of the physico-chemical variables, habitats or sites.   
3.7.1. Change in catch contributions  
Data from nearly two decades ago (Table 7) showed that all estuaries experienced a decline in 
species abundance in relation with the current data, with the Sundays Estuary showing a decline 
in nearly 80% of the species. Species such as A. breviceps, G. aestuaria, L. dumerilii, L. 
richardsonii, M. cephalus and P. commersonnii showed a decline in three or more of the current  
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estuaries. Gilchristella aestuaria in both Swartkops and Kariega estuaries have declined by 14 
and 25% respectively, L. dumerilii declined by 16 and 11% respectively in Gamtoos and 
Kariega and P. commersonnii in the Swartkops Estuary have declined by 15%. Rhabdosargus 
holubi was the only species that showed an increase for all estuaries with the exception of the 
Sundays, with the greatest increase in Kariega.  
Additional studies i.e. Strydom (1995) showed that catches in the Kromme Estuary were 
mainly dominated by the family Gobiidae, followed by Sparidae, Mugilidae and Clupeidae. 
Sampling was carried out by using a 20 m seine net and using data from same sampling period. 
Data from Winter (1979) sampled at the Swartkops Estuary using a 30 m seine net deployed 
from a boat showed that the dominant family were mainly Clupeidae, followed by Atherinidae, 
Sparidae and Mugilidae. The study by Beckley (1984) sampled in the Sundays Estuary using 
a 50 m seine net showed Clupeidae as the dominant family followed by Sparidae and 
Mugilidae. Due to the difficulty of separating the total catch data per year from the last two 
studies to match the current sampling period, the values have been used as is, therefore extent 
Table 7: Percentage (%) catch contributions evaluation between the current study using a 50 m 
seine net and that of 1992-1995 by James & Harrison (2010 a, b) using a 30 m seine net. 
Negative value indicates a decline in catch abundance. Blanks indicate no catches.  
Family Species Kromme Gamtoos Swartkops Sundays Kariega 
Atherinidae Atherina breviceps -5 -5 2.5 -1.6 -0.3 
Carangidae Lichia amia  0.03 0.02 0.02 -0.6 -0.02 
Clinidae Clinus superciliosus     0.3 
Clupeidae Gilchristella aestuaria -2.2 43 -14 52 -24.6 
Gobiidae Caffrogobius gilchristi   3.15 -1  
 Caffrogobius nudiceps     0.6 
 Glossogobius callidus   1.21   
 Psammogobius knysnaensis 1.4 -0.4 2   
Haemulidae Pomadasys commersonnii -0.4 -1 -15.2 -3 1 
Monodactylidae Monodactylus falciformis     -1.1 
Mugilidae Liza dumerilii -6.2 -16.1 -4.7 -5.5 -11.4 
 Liza richardsonii 5.3 -10 -3.9 -5.2 3.2 
 Liza tricuspidens -1.1     
 Mugil cephalus   -2.9  -4.3 -0.7 
Sciaenidae  Argyrosomus japonicus  0.005 0.008 -0.3 0.03 
Soleidae Solea turbynei    -0.9  
Sparidae Diplodus capensis     -0.3 
 Lithognathus lithognathus -1.2 -1.8 -1 -2.3 0.04 
 Rhabdosargus globiceps  -1.7 2.3 -1.3  
 Rhabdosargus holubi 0.4 6.3 0.7 -8.9 16 
 Sarpa salpa      1 
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Figure 6: Size composition based on the percentage catch contributions for the four recreational species 
(Pomadasys commersonnii, Lithognathus lithognathus, Argyrosomus japonicus, Lichia amia) sampled within 
each system for both the current study (hollow bars) using a 50 m seine net and that of 1992-1995 James & 
Harrison (2010 a, b) (grey bars) using a 30 m seine net. Where catches were absent for one or the other, only 
relevant study was indicated. N = number of individuals captured during each study.  
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of possible decline in species could not be fully analysed.    
3.7.2. Size composition of historical catches with specific focus on recreational species 
Based on the size composition and the number of individuals captured (Figure 6) between the 
two studies, it was noted that a greater number of individuals were often recorded, although 
larger individuals were mainly absent from James & Harrison, (2010a, b) (data collected in 
1992-1995), mainly due to the net sizes. The study by Beckley (1984) assessed the 
ichthyofaunal composition of the Sundays Estuary on a monthly basis for an entire year using 
a 50 m seine net and found for L. lithognathus (N = 793) that the majority of individuals were 
between 20-40 mm, for P. commersonnii (N = 691), between 30-50 mm and A. japonicus (N 
= 90) between 180-200+. Due to the unavailability of raw data and ability to separate catches 
to match the current sampling period, only the total catch contributions from the entire year 
could be used. From this, it is clear that the dominant size classes were similar, although the 
number of individuals was much greater. 
 
4. Discussion 
The evaluation of species abundance and diversity in estuaries is being used by fishery 
biologists and conservation managers to examine the continuous influence of natural and 
anthropogenic factors on fish distribution and community structures (Bayley & Peterson, 2001; 
Zhou et al., 2014). The need for multi-estuary approaches is becoming increasingly important 
to enhance the evidence of species estuarine use patterns by juveniles. Since no two estuaries 
are the same in terms of their biotic and abiotic variables, it can be assumed that the 
ichthyofaunal compositions would also differ (Whitfield, 1998). By analysing the estuarine use 
patterns in a set of estuaries closely located, factors defining juvenile fish occurrence and 
densities should become clearer, furthermore it should explain the influence of such factors to 
the variation in the nursery function of different sites and estuaries (Vasconcelas et al., 2010). 
Fish communities inhabiting estuaries include not only estuarine resident species, but also 
marine straggler and dependant species that displays a high species richness and abundance 
and low diversity with few dominating taxa (Marais, 1988; Whitfield, 1999; Sala & Knowlton, 
2006).  
4.1. Species composition  
Estuaries from the current study were primarily dominated by species from the marine category 
with the highest number of marine species recorded in the Kromme, Gamtoos and Swartkops 
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estuaries, 22 in total with only 9, 7 and 8 estuarine species respectively. The use of estuarine 
nursery areas forms an important phase in the life history of many marine fishes, many of which 
are of recreational and commercial importance (Marais, 1988; Boehlert & Mundy, 1988). Since 
their recruitment into estuaries is influenced by various environmental variables, each species 
will inevitably be influenced differently by these variables during the process of estuarine 
immigration (Vinagre et al., 2009). In the Gamtoos Estuary, four additional species were 
recorded that was not present in either the Swartkops or Kromme estuaries, they were the 
freshwater stragglers Clarias gariepinus and Cyprinus carpio as well as the marine-estuarine 
opportunist, Galeichthys feliceps and marine straggler, Pseudorhombus arsius. Similarly, for 
Swartkops, the freshwater straggler, Pseudocrenilabrus philander and in Kromme the marine 
straggler, Chelidonichthys kumu have been recorded but not in the other two systems. The 
presence of both marine and freshwater stragglers is invariably represented in estuaries 
throughout the world and therefore not restricted by successful habitation (Potter et al., 2015). 
Furthermore, both the Sundays and Kariega estuaries had the lowest number of marine species 
(17 and 19 respectively), mainly from the marine straggler and marine-estuarine opportunist 
guilds, and this follows on the former statement by Potter et al., (2015).  
The marine-estuarine dependent sparid, Rhabdosargus holubi was the dominant species 
captured in all sampled estuaries. This species is one of the most abundant species found along 
the Eastern Cape coast and recruit into estuaries as postflexion stage larvae and juveniles from 
spring and early summer (Blaber, 1973; Whitfield, 1994; Strydom et al., 2003). The 
recruitment of many marine species into estuaries generally occur during their larvae period 
where they recruit in the vicinity of the estuary mouth and are swept into the estuary on the 
flood tides after which they move towards habitats where velocities are reduced (Beckley, 
1985; Potter et al., 1990). As a species, they are able to withstand relatively wide physico-
chemical changes and are able to adapt to slow-changing environmental conditions, or simply 
move into better-suited areas (Blaber, 1973; Whitfield, 1998). Species from the marine-
estuarine dependent guild are characterized as those species that require the sheltered 
environments provided by estuaries during a critical stage of their life cycle before returning 
to the coastal marine environments (Potter et al., 2015). Included in this guild are the four 
recreational important species, Pomadasys commersonnii, Argyrosomus japonicus, Lichia 
amia and Lithognathus lithognathus, with the highest CPUE for the former two species seen 
in the Sundays Estuary. The highest catches for L. lithognathus and L. amia were both recorded 
in the Gamtoos Estuary but showed no significant correlation with any of the environmental 
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variables. The absence of L. amia in the Kariega Estuary and A. japonicus in the Kromme 
Estuary may be the result of gear selection as both these species have been recorded here 
previously by means of gill netting.    
4.2. Temporal and spatial trends in CPUE 
During 2014, 68 875 fishes were recorded and approximately 81% less in the following year 
(12 553). Both the freshwater-rich Gamtoos and Sundays estuaries were responsible for the 
high number of fish, largely due to a single species, the abundant and resident estuarine clupeid 
Gilchristella aestuaria, with 45 601 individuals collected in 2014 and only 3877 the following 
year. This species has a peak spawning period during the spring and summer months and are 
often recorded in high densities in similar systems and forms part of an important diet 
component for many piscivorous birds and fishes, especially A. japonicus and L. amia 
(Whitfield, 1999). The low catch contributions of G. aestuaria in the Kariega and Kromme 
estuaries during both sampling years are attributed to the much higher salinities (Figure 2) 
caused by the absence of constant freshwater inflow therefore causing lower nutrient levels 
(Allanson & Read, 1995). The input of continuous freshwater significantly boosts nutrient 
input thereby enhancing phytoplankton growth and promotes primary and secondary 
production (Schlacher & Wooldridge, 1996; Adams et al., 1999). From previous studies, it can 
be said that for estuaries with larger catchments, phytoplankton communities as well as pelagic 
food chains are greatly supported by an adequate supply of freshwater (Schumann & Pearce, 
1997; Adams et al., 1999).  
A concurrent study by Lemley et al., (2017) indicated that that all estuaries were experiencing 
'normal' flow conditions in 2014 except the Kromme Estuary (low flow period), whereas the 
majority of the estuaries (Kromme, Gamtoos and Kariega) were subjected to high flows at the 
time of sampling in the following year. The Swartkops Estuary experienced a slight increase 
of river inflow during 2015 with a small flushing event prior to sampling whereas the Sundays 
Estuary, due to flow regulations, did not experience any flooding events in 2015. In addition, 
it can be said that this flooding resulted in the reduced salinities recorded in all estuaries for 
2015. However, despite the positive effects of frequent freshwater impulses from flooding, 
prolonged or large freshwater inputs into estuarine systems can result in a depletion of marine 
and estuarine species (Ter Morzhuizen et al., 1996; Grange et al., 2000). Based on the inter-
annual species counts there was also a decline in the number of marine species for the majority 
of estuaries (Kromme, Gamtoos and Sundays) in 2015. Similarly, for the estuarine species, 
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where all estuaries experienced a decline, except the Gamtoos Estuary, which remained 
unchanged. 
Furthermore, inter-annual differences were observed in the phytoplankton biomass for the 
majority of the estuaries, with significantly higher biomass levels observed in the Gamtoos and 
Kariega estuaries in 2015, whereas Swartkops showed a marked decrease and the Kromme 
showed a slight increase in biomass levels, although this did not reflect in the abundance of 
planktivorous fish species such as G. aestuaria. The Sundays Estuary, unlike other systems, 
not subjected to any flooding in 2015 showed substantially greater levels of phytoplankton 
biomass. It was concluded that regardless of high or low flow conditions, salinity was shown 
to be a significant predictor of biomass in all the estuaries. Based on the nature of the floods 
due to heavy rainfall experienced in 2015 in the Gamtoos Estuary (average flow rate of 9.2 m3 
s-1, peak of 548.99.2 m3 s-1 in September) it was hypothesized that the G. aestuaria stock may 
have been depleted or removed from the system at the time of sampling.    
In both the Kariega and Kromme estuaries, R. holubi had the highest catches overall for 2015 
followed by Sundays, Gamtoos and Swartkops. In a study by Kisten et al., (2015) it was found 
that temperature, salinity and turbidity were significant important factors influencing the 
recruitment of these species, however, for the current study only temperature and turbidity 
proved to be highly significant with salinity (P ≥ 0.06) showing no significance among any of 
the estuaries. Temperature and salinity proved to be the greatest factor influencing the majority 
of other marine spawned species such as Diplodus capensis, Heteromycteris capensis, Myxus 
capensis, Mugil cephalus, Monodactylus falciformis, Lithognathus lithognathus, Liza 
tricuspidens, Lichia amia, Pomadasys commersonnii and Solea turbynei, similarly for the 
gobiids from the estuarine spawned category, Psammogobius knysnaensis and Glossogobius 
callidus, Caffrogobius nudiceps. The relative importance of temperature and salinity to explain 
the distribution and occurrence of many estuarine and marine species have been explored 
numerously (Blaber & Blaber, 1980; Marais, 1988; Marshall & Elliott, 1998; Harrison & 
Whitfield, 2006b).   
4.3. Habitat occurrence among estuaries 
Numerous studies have examined the role of submerged vegetation and their role towards the 
nursery function of many estuarine and marine juvenile fishes (Beckley, 1983; Whitfield et al., 
1989; Booth, 2007; Mattila et al., 2008). One such function is that vegetated habitats generally 
support greater species diversity and abundance compared to those adjacent unvegetated 
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habitats. Submerged macrophytes are generally more abundant in smaller estuaries with 
reduced freshwater inflow as there is a decrease in both turbidity and water velocity and more 
stable sediment and salinity environments (Hanekom & Baird, 1984; Connolly, 1994; Adams 
et al., 1999; Nanjo et al., 2011). Much of the species found in habitats associated with 
submerged vegetation showed a strong correlation with semi-turbid waters (10-50 NTU) (e.g. 
A. breviceps, C. gilchristi, D. capensis, H. capensis, R. holubi). It has been suggested that 
estuaries with a range of turbidity levels support a greater number of species (Cyrus & Blaber, 
1987). The family Sparidae was also highly representative in the Zostera mud habitats 
especially the marine-estuarine opportunist R. globiceps and D. capensis as well as the marine 
straggler, Diplodus cervinus. It would not appear as if these species are in competition as there 
is marked ecological separation based on their feeding habits (Blaber, 1973; Christensen, 1976; 
Whitfield, 1998). The species contribution towards unvegetated sandy habitats was 
significantly less with a higher CPUE of sand specialists such as P. knysnaensis and H. 
capensis. These species are commonly found in the sandy habitats in estuaries where their 
cryptic coloration provides them with excellent protection against predation (Whitfield, 1998). 
A larger proportion of Liza dumerilii juveniles were also found in the unvegetated sandy and 
muddy habitats compared to vegetated habitats and this is supported by their foraging habits 
on sand for gastropods, particulate organic material, diatoms and macrophytic plant materials 
(Blaber & Whitfield, 1977). Mud habitats showed the second highest species richness and 
highest diversity overall, which was mainly attributed to R. holubi. Species such as P. 
commersonnii and S. turbynei were almost exclusively using these habitats but also species 
from the family Gobiidae (C. gilchristi, C. nudiceps; Glossogobius callidus) that showed strong 
relationships with mud habitats and those associated with vegetation. 
4.4. Temporal and spatial trends in species richness and diversity 
Species richness in an estuary is defined by the broader distributions and habitat use patterns 
of marine and estuarine species as well as the biotic and abiotic parameters that can further 
influence their process of recruitment (Whitfield, 1994; Vasconcelos et al., 2015). Although 
fish communities within South African estuaries are relatively stable, they are characterized by 
low species diversity with fewer than 100 species that make use of estuaries around the 
continental shelf (Potter et al., 1990; Whitfield, 1994). It has been shown that within shallow 
coastal waters, invertebrate and fish abundance, species richness and biomass generally 
increase with the addition of structured habitats and the absence of a longitudinal salinity 
gradient (Beck et al., 2001; Airoldi et al., 2008; Mattila et al., 2008; Whitfield et al., 2012; 
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Vasconcelos et al., 2015). This was evidenced in the current study where both the Kromme and 
Kariega estuaries showed the highest species richness and diversity due to the availability of 
large seagrass mudflats that stretched throughout the length of both estuaries and as a result, 
supported a much greater number of marine species. In a conceptual model by Whitfield et al., 
(2012), it was proposed that species diversity decline from fresh waters into low salinity 
mesohaline waters where after diversity exponentially increases shifting towards the more 
euryhaline conditions. Even though both the Sundays and Gamtoos estuaries had the highest 
catches, largest catchments and constant inflow of freshwater, they lacked the availability of 
structured habitats in the lower reaches seen in other sampled estuaries, including Swartkops, 
that was characterized by extensive seagrass beds in the lower reaches.  
4.5. Historical catch contributions data 
Numerous studies have been completed based on the abundance and distribution of fishes, 
particularly in estuaries, but are often confined to a single estuarine system and/or specific 
habitat types, furthermore there seems to be a paucity in studies comparing these with historical 
catches. Gear selection appears to be a limiting factor, whereas gill nets generally target much 
larger fishes otherwise bound to the deeper channels (> 200 mm), seine nets are able to sample 
the juvenile component (< 30 mm+) in more specific habitats. The 1992-1995 study of James 
& Harrison (2010a, b) was used as a baseline study for all sampled estuaries (sampled between 
September & October) and by using the percentage catch per unit effort along with the size 
composition of recreational species the changes in species composition was determined. Since 
the area covered by the seine hauls were significantly different (30 m: ~300 m2 & 50 m: ~550 
m2) it was established that the latter size would deliver much more individuals per haul and 
due to the depth it was able to be deployed from the boat, the presence of larger individuals 
would be greater (Vorwerk et al., 2003). From the catch contributions seen in Table 7, it was 
clear that the majority of both marine and estuarine species from sampled estuaries experienced 
a decline since 1992-1995 in terms of the juvenile component, despite the size of the net 
covering a smaller area at the time (excluding A. japonicus, L. amia). The absence of the 
aforementioned species during the 1992-1995 catches was mainly due to gear size as these 
predatory fishes actively avoid seine nets and are primarily bound to the deeper channels of 
estuaries (Marais, 1983a). The study by Beckley (1984) was the only to be completed with a 
50 m seine net by means of monthly sampling over a period of a year (January - December), 
The data could not be extracted to match the current study period (October - December). The 
data and as a result the extent of species decline could not be fully established although 
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substantially greater numbers were recorded for these species from much greater size classes. 
Human impacts have long pushed estuarine ecosystems far from their rich, diverse and 
productive historical baselines and similar studies have shown that there has been a significant 
shift in the abundance of larger individuals within these systems (Jackson et al., 2001; Dulvy 
et al., 2003; Hutchings & Reynolds, 2004; Lotze et al., 2006; Pinnegar & Engelhard, 2008; 
Ferguson et al., 2014). Certain fish species, particularly those recreationally targeted are highly 
vulnerable to low-level exploitation and disturbance, many of which possess low natural 
growth rates and are therefore easily depleted (Pinnegar & Engelhard, 2008). This is 
particularly relevant for many sciaenid species, such as A. japonicus, whose late maturity have 
been facilitated by low juvenile mortality in protected estuarine and surf-zone habitats 
(Ferguson et al., 2014). 
The greatest concern for species such as A. japonicus, L. amia, P. commersonnii and L. 
lithognathus is their popularity as estuarine angling fish and are frequently targeted from shore 
or motorized boats with the former being more popular. In a survey completed by Pradervand 
& Baird (2002) to assess the effort of recreational linefishery it was found that the Sundays 
Estuary had the highest mean angling efforts on both weekdays and weekends and catches were 
mainly dominated by P. commersonnii and A. japonicus. This study however did not fully 
assess the fishing pressure on the Swartkops Estuary that is greatly affected by subsistence 
fishers retaining undersize catches. Studies using gill nets (Marais & Baird, 1979; Marais, 
1981; Marais, 1983a, b) to assess the ichthyofaunal composition of four estuaries (Swartkops, 
Sundays, Gamtoos, Kromme) respectively found that P. commersonnii, A. japonicus and L. 
amia (in latter two estuaries) were the dominant species but this did not necessarily reflect on 
anglers catches. These species greatly depend on estuaries during the first year of their life 
where they actively feed on various resources (species specific) and benefit from the variability 
in physico-chemical factors such as salinity, temperature and turbidity (Jackson et al., 2001; 
Lotze et al., 2006; Ferguson et al., 2014). The recruitment success for these and many other 
species have also been linked to fresh water inflows into estuaries where they form spawning 
aggregations in and near estuaries (Ferguson et al., 2014).  
Overfishing that eventually leads to ecological extinction in the modern day is rapidly 
exceeding all other pervasive human disturbances within coastal environments that include 
inter alia pollution, water quality degradation and anthropogenic climate change (Jackson et 
al., 2001; Dulvy et al., 2003; Lotze et al., 2006; Granek et al., 2008). The exploitation of 
targeted commercial species not only affects their abundance, but also changes their age 
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structure, loss of genetic diversity, size composition and ultimately their species composition 
(Blaber et al., 2000; Granek et al., 2008; Ferguson et al., 2014). Historic baseline studies such 
as these are important in developing our understanding of ecosystems in the face of rapid global 
change (Ermgassen et al., 2012). Not knowing about the history, magnitude and drivers of past 
changes within these systems, it becomes increasingly difficult to evaluate current situations 
or devise adequate future projections (Lotze & Worm, 2009). Failure in preventing the collapse 
of these populations and ensuring that the conservation of marine fishes receives exclusive 
management will result in the depletion of ecological important species in ecosystems they 
once dominated (Hutchings & Reynolds, 2004; Myers & Worm, 2005).       
 
5. Conclusions 
Diversity and abundance studies are continuously being used to assess aquatic ecosystems for 
systematic management and conservation purposes. The current study showed similar fish 
assemblages for all estuaries mainly dominated by estuarine dependent sparids, evidence of 
their great nursery value for these species. Aquatic vegetation plays a significant role within 
these systems particularly for juvenile marine species that utilize these habitats for feeding and 
predator avoidance thereby assisting in their survival and growth. The increasing loss of these 
habitats in estuaries due to habitat destruction or other physico-chemical variables have severe 
consequences on the biodiversity and may prove fatal to both estuarine and marine fishes that 
are dependent on these habitats. It was clear that the high catch per unit effort seen in the 
Gamtoos and Sundays estuaries was not due to the absence of submerged macrophytes, rather 
a continuous input of freshwater and their much larger catchment sizes. It was also noted that 
although continuous freshwater inflow generally increases the biomass of zooplankton and 
with that the ichthyofauna, it may also have a possible effect in diminishing the standing stock 
of the estuary in the case of heavy rainfall causing major flooding events. Estuaries worldwide 
are continuously being threatened by modern humanization that pose a major threat to the 
current fish standing stock therefore the need for similar studies. This study showed that the 
juveniles of many estuarine and estuarine-marine dependant species, particularly the 
commercially important P. commersonnii, A. japonicus and L. lithognathus are rapidly 
declining due to habitat loss, altered physico-chemical variables, overfishing and the removal 
of undersized individuals in estuaries before they reach sexual maturity. The need for 
understanding change in marine environments based on historical baseline studies becomes 
imperative to assist with conservation strategies, planning restoration activities and realistic 
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restoration goals in the face of global change. This study further adds to the current fish 
population studies within these systems that can be used to assess the juvenile stock of estuarine 
and marine fishes for future studies.  
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CHAPTER 3 
ASSESSING SHALLOW WATER AVAILABILITY AS AN ADDITIONAL 
DRIVER OF NURSERY VALUE FOR JUVENILE FISHES WITHIN THE 
LOWER REACHES OF FIVE TEMPERATE ESTUARIES, SOUTH AFRICA  
Summary 
Shallow water habitats are known as important nurseries providing numerous marine and 
estuarine juvenile fishes with refuge and food supply. The availability of shallow water was 
assessed and compared as an additional driver to explain the species diversity and richness 
within the lower reaches of five temperate estuarine systems in the Eastern Cape of South 
Africa. Quantifying shallow water availability in estuarine nurseries has not been explored 
previously. Sampling of juvenile fishes occurred during the summer recruitment period 
(October - December) of 2014 and 2015 by means of a 50 m seine with a mesh size of 12 mm 
in the lower reaches of each estuary. Furthermore, mapping of shallow water habitats was 
achieved by means of a 2-man kayak keeping at a 60 cm depth with a marked pole. Using 
generalized additive models to assess patterns between these habitats along with measured 
environmental variables it was found that there were significant differences for the catch per 
unit effort, species richness and diversity for both marine and estuarine categorized species. 
The greatest area of shallow water coverage was in the Swartkops Estuary due to the 
availability of large intertidal and submerged macrophytes. Catches were mainly dominated by 
species from the marine category and were highest in both the Sundays and Gamtoos estuaries. 
Habitat complexity also showed significant results between species richness and diversity 
across multiple habitat structures. 
Keywords: Ichthyofauna; recruitment; abundance; mapping; habitat complexity, GAMs  
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1. Introduction  
Estuaries are known as highly productive and valuable ecosystems providing numerous 
habitats linked to increased shallow water coverage for fishes and they support fundamental 
ecological links with other environments (Wallace et al., 1984; Franco et al., 2006; 
Vasconcelos et al., 2010). Structured habitats provide small fishes and invertebrates with refuge 
and food resources therefore favouring rapid growth and minimizing mortality due to predation 
(Sogard, 1992; Whitfield, 1998; Able et al., 1999; Beck et al., 2001). Estuarine habitats such 
as seagrasses and marshes have been well studied in terms of their nursery role including their 
functions for supporting greater densities of organisms compared to adjacent unvegetated 
habitats (Potter et al., 1990; Paterson & Whitfield, 2000; Beck et al., 2001; Franco et al., 2006). 
Unlike terrestrial environments, species inhabiting estuaries are permanently subjected to 
fluctuations caused by tidal variation and their distribution is determined by a series of complex 
responses to the biological and physical characteristics of the environment (Gaelzer & Zalmon, 
2008). In South Africa, ocean-estuary exchanges are predominately driven by a semidiurnal 
tide that is modulated by the spring-neap tide. Variations in tidal amplitudes fluctuate from as 
little as 50 cm at neap tides to over 2 m during spring tides (Whitfield, 1992; Schumann & 
Pearce, 1997). These daily water depth changes often affect the migration patterns by generally 
allowing more fishes to enter into these shallow habitats when water levels are higher (Lee et 
al., 2014). This variation in tidal pattern provides movement and refuge opportunities 
synchronized with the tidal cycle (Gibson et al., 1992).  
It is generally argued that the absence of large piscivorous fishes in shallow water habitats is 
due to unfavourable physical conditions such as high temperatures and limited visibility due to 
turbid conditions. These conditions may occur in many estuaries and since piscivory generally 
increases with fish size, the abundance of larger piscivorous fish will increase with depth, 
therefore suggesting shallow water habitats will generally be occupied by smaller individuals 
(Paterson & Whitfield, 2000a; Sheaves, 2001; Baker & Sheaves, 2007; Ryer et al., 2010). There 
is however a challenge in defining shallow waters as many studies will refer to shallow water 
as the intertidal zone whereas others refer to shallow water as that which is less than 2 m deep 
(Rountree & Able, 1997; Sheaves, 2001; Smith et al., 2013). Due to the lack of a consistent 
definition, there have been some difficulties in defining the function of shallow water habitats 
in terms of usage for predator avoidance and their value as nursery habitats (Sheaves, 2001). 
In addition, continuous urbanization and extensive shoreline development adjacent to estuaries 
are causing the destruction of natural shallow water habitats resulting in poor habitat quality 
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and water quality (Baird et al., 1981; Able et al., 1999). These artificial structures may include 
bridges, bulkheads, jetties, large platform structures, pilings and steep sided canals that 
significantly limit the amount of shallow water available to estuarine animals.     
The aim of this study was to determine the extent and value of available shallow water habitats 
in five temperate estuaries in the Eastern Cape by assessing the current abundance and species 
diversity of juvenile fishes that utilize these habitats during the summer recruitment period. 
This was achieved using GIS techniques to calculate the amount of swallow water available at 
the peak spring flood and lowest spring ebb tides as a proxy for available refuge area. This 
value (shallow water availability) was used as an additional driver, along with the measured 
physico-chemical variables to assess factors influencing small fish dynamics in the lower 
reaches of these estuaries. Most marine species utilizing South African estuaries are 
predominately marine estuarine dependent during the juvenile phase whereas the adult phase 
is predominately marine (Elliott et al. 2007; Potter et al. 2015; Vasconcelos et al. 2015). The 
majority of these species that enter estuaries are between 10 - 60 mm in length and reside for a 
period of a few years before returning to the sea where they join the adult stocks when mature 
(Whitfield, 1998). It was hypothesized that estuaries with greater shallow water area coverage 
in conjunction with seagrass and salt marsh habitat would have greater juvenile fish species 
richness and diversity and this would therefore increase the evidence that it does.      
 
2. Materials and methods 
2.1. Study area 
This study focussed on five permanently open estuaries in the warm temperate region of the 
Eastern Cape Province in South Africa. Permanently open estuaries make up only 12.8% of all 
true estuaries in South Africa and have a permanent connection to the sea. They are classified 
by their catchments which often exceed 500 - 10 000 km2, a moderate tidal prism (1-10 x 106 
m3) with a horizontal salinity gradient and vertical salinity stratification (Whitfield, 1998). 
They often have large areas in the lower and middle reaches that may be occupied by salt 
marshes and seagrass (Zostera capensis) which colonizes the intertidal and/or subtidal regions 
(Whitfield, 1992, 1994). The estuaries sampled were the freshwater deprived Kromme 
(34°8'32.15" S; 24°50'37.30" E) and Kariega (33°40'57.16"S; 26°41'9.81" E), the freshwater 
rich Gamtoos (33°58'8.42"S; 25°2'21.48" E) and Sundays (33°43'15.23"S; 25°51'9.63" E) and 
the moderately regulated Swartkops (33°51'53.99" S; 25°37'55.48" E) (Figure 1).  
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Figure 1: Geographic location of the study sites within each estuary including the position of the two sampling sites sampled 
during October – December 2014 & 2015.  
2
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2.2. Field sampling and laboratory analysis 
Fishes were collected once a month, for three consecutive months during the peak recruitment 
period for juvenile marine fishes in the summer of 2014 and 2015. In each estuary, a single 50 
m (2 m deep and 12 mm mesh size) seine net haul was completed at two fixed sites situated in 
the lower reaches of each estuary (Figure 1). These sites were approximately 2.5 km apart with 
the first site located within the 1st kilometre of the mouth. Netting was carried out during the 
day and limited to shallow (<1.5 m deep) unobstructed areas with gently sloping banks. The 
net was fed from a motorized boat in a semi-circle and then carefully hauled onto the shore. 
Each fish was identified in the field to the lowest taxon and measured to the nearest mm 
standard length (SL) before they were returned alive to the water. Specimens that could not be 
identified in the field were fixed in 10% buffered formalin solution for further laboratory 
analysis. Catches were expressed as catch per unit effort (CPUE). At each site, physico-
chemical measurements of temperature (°C), salinity (PSU), turbidity (NTU), pH, total 
dissolved solids (TDS), conductivity and dissolved oxygen (DO) (%) were taken using a YSI 
6600 multi-parameter meter. Habitats were described based on the bottom composition and the 
presence or absence of vegetation. Potter et al., (2015) developed a refinement of the guild 
approach by categorizing species into four categories, (estuarine, marine, diadromous & 
freshwater) which was used to categorize species accordingly. For the purpose of this study 
only estuarine species (solely estuarine (SE), estuarine & marine (EM), estuarine & freshwater 
(EF), estuarine migrant (EMi)) and marine species (marine straggler (MS), marine estuarine 
opportunist (MEO), marine estuarine dependent (MED)) were divided into further guilds.    
2.3. Mapping methods 
Shallow water mapping was conducted in the lower reaches of each estuary in 2016 and 
coincided with the new and full moon phases when the tides were at their lowest (~ 0.1 m) and 
highest (~ 2 m). Mapping was completed during the day along the estuary shoreline by means 
of a two-man Stealth kayak (5 m) due to difficulty of tracking in shallow muddy habitats. A 
Garmin GPS (eTrex 10) was fitted to the front of the kayak and recording was done by using 
the automatic track log function that was set to ‘most often’ (that is shorter intervals between 
each point). Mapping was done equally on either side of the estuary shore on the same day for 
both the high and low tide by remaining at a 60 cm depth. Depth was taken by using a pole 
marked at 60 cm and a person checking depth every 3 – 5 seconds while the other steered 
accordingly. This area was considered the shallow water availability. Due to the sudden change 
of depth in the shallows and the manoeuvrability of the kayak, some depths were approximated.   
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2.4. Statistical analysis 
Tests for normality were performed using Shapiro-Wilk and visual observations that indicated 
that the data were not normally distributed, even after performing appropriate data 
transformations. Consequently, non-parametric statistical analyses were used to test for 
differences in catches between sites and estuaries. A non-parametric Kruskal-Wallis ANOVA 
was used to assess for differences in physico-chemical variables, fish catch per unit effort 
(CPUE), diversity indices, sites and sample years. Spearman-Rank order correlations were used 
to determine whether physico-chemical variables showed any relationship with abundant fish 
species. Multivariate and diversity indices such as Shannon-Wiener diversity (H’) and 
Margalef species richness (d) were generated using Primer and Permanova+ statistical package 
version 6, 2009. Community analyses were conducted for each estuary separately and involved 
the generation of Bray-Curtis similarity matrices from logx+1 square root transformed CPUE 
data.  
A generalized additive model (GAM) method was used to explore relationship patterns 
between response and predictor variables. These models allow for greater flexibility to non-
parametric datasets. All models were fit using the ‘gam’ package in R Version 3.2.5 using the 
following equation: gam(formula, family, data), with the 'formula' expression in the form of 
response ~ predictors and using the lowess ('lo') smoothing spline. Response was set by 
individually using CPUE, species richness (d), diversity (H') and individual species with 
predictors set to various physico-chemical variables, shallow water availability and vegetation 
cover. The family (error distribution and link function) was set to Gaussian. To explore various 
patterns, predictors were alternated along with the response factors using shallow water and 
vegetation coverage as the key predictor.     
All mapping data logged on the GPS were downloaded and transformed into a usable format 
(.shp) with the software DNR Garmin before further analyses were performed using the 
mapping software ArcMap 10.3. Single tracks from the high and low water mark on either side 
of the estuary were connected to create polygons in order to obtain the area (hectare) of the 
new shapefile. On each side the estuary, the polygons were equally divided between the sites 
from which a total area was calculated. These values were then used to support further analysis 
with catch abundance and species richness. This area will hereafter be referred to as the shallow 
water availability (SWA). Vegetation cover for submerged and intertidal was based on the 
latest National Biodiversity Assessment for South African estuaries (Adams et al., 2016).  
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3. Results 
3.1. Environmental variables 
Significant differences between sampling years was found for total dissolved solids (TDS) (P 
< 0.04) in the Kromme, Gamtoos and Kariega estuaries, salinity and pH (P < 0.05) in 
Swartkops, Gamtoos and Kariega, turbidity (NTU) in Swartkops (P ≤ 0.05), conductivity (P < 
0.04) in the Kromme, Kariega and Gamtoos estuaries and dissolved oxygen (DO) (P < 0.04) in 
both Kromme and Kariega. Inter system differences between Sites 1 and 2 showed significance 
(P < 0.02) for TDS and conductivity in Swartkops and turbidity (P < 0.006) in the Sundays 
Estuary. Temperature did not show any significant differences in any of the estuaries for either 
the sampling years or sites. Physico-chemical variables measured were summarized in Table 
1.  
 
3.2. Species composition among estuaries 
A total of 18 958 fishes were sampled in the lower reaches of five temperate estuaries during 
the recruitment period of 2014 and 2015 belonging to 19 families and 34 species (Table 2). A 
higher catch per unit effort (CPUE) were recorded in all estuaries during 2014 compared to 
2015. The highest catches were recorded in the Gamtoos Estuary with 6430 fishes belonging 
to 15 families and 25 species. Catches were mainly dominated by MED Rhabdosargus holubi 
(Sparidae) (35.6%), MEO Liza richardsonii (Mugilidae) (15.8%), SE Gilchristella aestuaria 
(Clupeidae) (11.6%), MEO Heteromycteris capensis and Solea turbynei (Soleidae) (8%), EMi 
Psammogobius knysnaensis (Gobiidae) (7.3%) and MEO Myxus capensis (Mugilidae) (5%). 
The second highest catches were recorded in the Sundays Estuary with 4505 fishes belonging 
to 9 families and 19 species. Catches were mainly dominated by R. holubi (43.3%), G. 
aestuaria (11%), L. richardsonii (9.3%), P. knysnaensis (8.5%), EM Caffrogobius gilchristi 
(Gobiidae) (8.1%) and S. turbynei (8%). The third highest catches were recorded in the
Table 1: Range of physico chemical variables measured during October – December 2014 & 2015 in the 
lower reaches of each of the estuaries indicated by mean (min-max).  
 Kromme Gamtoos Swartkops Sundays Kariega 
Temperature (°C) 20.3 (17 - 24) 22.4 (17.4 - 26.6) 21.6 (18 - 26.8) 22 (17.4 - 25.7) 20 (15.9 - 23.3) 
TDS 31.3 (17 - 35) 10.5 (0.9 - 22.2) 23.8 (11.5 - 34) 20.7 (7.8 - 34.6) 29.3 (12.7 - 35) 
Salinity 31.5 (16 - 35.7) 10.7 (0.7 - 22) 21.6 (7.8 - 34.5) 20 (6.8 - 35.2) 29.4 (11.6 - 35.5) 
pH 8.2 (5.9 - 10.1) 8.3 (7 - 9.9) 8.4 (7.5 - 10.4) 8.2 (7.1 - 10.1) 8.2 (5.9 - 10.3) 
NTU 4 (0 - 12) 23.7 (0.4 - 66) 8.7 (0 - 28.8) 25.8 (1.5 - 152.7) 20.7 (0 - 96.7) 
Conductivity 46.2 (24.2 - 53.9) 17.6 (1.3 - 35) 35.9 (15.9 - 52.6) 30.9 (11.3 - 53.2) 43.8 (18.2 - 53.8) 
DO (%) 88.4 (32.5 - 109.5) 88.2 (55.6 - 121.5) 85.7 (27.2 - 149) 102.3 (31.6 - 179.5) 84.1 (30 - 114.3) 
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Table 2: Species and taxa composition (Potter et al., 2015), mean (min-max) catch per unit effort (CPUE) per estuary, total catch contribution 
and body length (mm) during the recruitment period (October – December 2014 & 2015) in the lower reaches of each estuary. Highlighted 
species represent most abundant and used for further analysis.   
 Family Scientific names   Guild Kromme Gamtoos Swartkops Sundays Kariega Total 
Length mean 
(min-max) 
Ariidae Galeichthys feliceps MEO - - - 0.2 (0 - 2) - 2 214.5 (79 - 350) 
Atherinidae Atherina breviceps  EM 34.2 (0 - 289) 0.1 (0 - 1) 37 (0 - 439) 0.3 (0 - 3) 6.5 (0 - 44) 936 56.2 (18 - 98) 
Clinidae Clinus superciliosus  EM 0.6 (0 - 7) 0.3 (0 - 3) 1.4 (0 - 14) - 2 (0 - 19) 51 66.1 (25 - 165) 
Clupeidae Gilchristella aestuaria SE 13.4 (0 - 158) 390 (0 - 4478) 37.6 (0- 396) 253.5 (0 - 1689) 8.8 (0 - 47) 8439 52.3 (34 - 73) 
Gobiidae Caffrogobius gilchristi EM 0.1 (0 - 1) 4 (0 - 36) 0.6 (0 - 3) 26.7 (0 - 187) 1.8 (0 - 11) 398 42 (21 - 149) 
  Caffrogobius nudiceps EM 1.4 (0 - 13) - 5 (0 - 25) 2.8 (0 - 19) 4.7 (0 - 27) 166 44.7 (14 - 107) 
  Glossogobius callidus EF - 0.3 (0 - 3) - 0.8 (0 - 9) 4.2 (0 - 33) 63 39.9 (26 - 79) 
  Psammogobius knysnaensis EMi 25.8 (0 - 189) 6.8 (0 - 15) 10.6 (0 - 42) 12.4 (0 - 46) 24.8 (0 - 95) 965 43.2 (21 - 78) 
Haemulidae Pomadasys commersonnii MED - 0.5 (0 - 4) 0.2 (0 - 2) 1.3 (0 - 12) 2.2 (0 - 24) 50 104.1 (20 - 550) 
 Pomadasys olivaceum MS - - 4 (0 - 47) - - 48 45.1 (30 - 55) 
Hemiramphidae Hyporhamphus capensis SE - 0.1 (0 - 1) - - 0.1 (0 - 1) 2 192.5 (165 - 220) 
Monodactylidae Monodactylus falciformis MED - 0.1 (0 - 11) - - - 11 114.5 (66 - 130) 
Mugilidae Liza dumerilii MEO 0.1 (0 - 1) 0.8 (0 - 9) 0.8 (0 - 6) 2.9 (0 - 16) 13.1 (0 - 73) 213 170.6 (85 - 305) 
  Liza macrolepis MED 3.7 (0 - 42) - 0.1 (0 - 1) - 2.6 (0 - 27) 76 152.8 (41 - 305) 
  Liza richardsonii MEO 58.3 (0 - 285) 23.8 (0 - 168) 2.6 (0 - 25) 9.8 (0 - 28) 14 (0 - 118) 1301 113.8 (30 - 350) 
 Liza tricuspidens MEO 0.2 (0 - 2) - - - - 5 148 (95 - 225) 
 Mugil cephalus MED 1.3 (0 - 8) 1.8 (0 - 12) - 1.3 (0 - 16) 1.8 (0 - 21) 73 160.7 (18 - 390) 
  Myxus capensis MEO 6.4 (0 - 25) 4.8 (0 - 25) 1.3 (0 - 12) 5.3 (0 - 46) 0.9 (0 - 4) 226 83.5 (12 - 350) 
Paralichthyidae Pseudorhombus arsius MS - 0.1 (0 - 1) - - - 1 208 
Platycephalidae Platycephalus indicus MEO - - 0.1 (0 - 1) - - 1 181 
Pomatomidae Pomatomus saltatrix MEO - 0.1 (0 - 1) 0.1 (0 - 1) - - 2 75 
Sciaenidae Argyrosomus japonicus MED - 0.1 (0 - 1) - - - 1 315 
Soleidae Heteromycteris capensis MEO 50.2 (0 - 390) 10 (0 - 56) 20.4 (0 - 75) 4.3 (0 - 26) 43.2 (0 - 322) 1537 41.6 (36 - 50) 
  Solea turbynei MEO 0.9 (0 - 8) 6.8 (0 - 22) 3.4 (0 - 19) 12.1 (0 - 90) 0.8 (0 - 3) 287 54.9 (29 - 94) 
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Table 2 cont: Species and taxa composition (Potter et al., 2015), mean (min-max) catch per unit effort (CPUE) per estuary, total catch 
contribution and body length (mm) during the recruitment period (October – December 2014 & 2015) in the lower reaches of each estuary. 
Highlighted species represent most abundant and used for further analysis.  
 Family Scientific names   Guild Kromme Gamtoos Swartkops Sundays Kariega Total 
Length mean 
(min-max) 
Sparidae Diplodus capensis MEO 3.1 (0 - 13) 5.9 (0 - 25) 138.2 (0 - 834) 0.1 (0 - 1) 3.7 (0 - 20) 1811 34.5 (17 - 126) 
  Diplodus cervinus MS 0.1 (0 - 1) - 0.5 (0 - 4) - 0.3 (0 - 3) 10 35.5 (19 - 124) 
 Lithognathus lithognathus MED 4.2 (0 - 49) 2.1 (0 - 9) 1.9 (0 - 15) 4.7 (0 - 25) 0.1 (0 - 1) 155 70.6 (22 - 330) 
  Rhabdosargus globiceps MEO 3.3 (0 - 16) 0.3 (0 - 2) 28.9 (0 - 244) 1.3 (0 - 14) - 405 46.1 (12 - 240) 
  Rhabdosargus holubi MED 5.8 (0 - 48) 75.3 (0 - 186) 15.1 (0 - 126) 35.7 (0 - 108) 12 (0 - 54) 1733 87.9 (14 - 345) 
  Sarpa salpa MEO - 0.1 (0 - 1) 1.5 (0 - 16) - - 19 33.9 (17 - 52) 
Syngnathidae Syngnathus temminckii EM - - 0.4 (0 - 2) 0.1 (0 - 1) 0.5 (0 - 3) 12 158 (91 - 215) 
Tetraodontidae Amblyrhynchotes honckenii MS 0.3 (0 - 1) 0.1 (0 - 1) 0.1 (0 - 1) - 0.1 (0 - 1) 6 80 (28 - 141) 
Torpedinidae Torpedo fuscomaculata MEO - 0.1 (0 - 1) - - 0.1 (0 - 1) 2 273.5 (197 - 350) 
Triglidae Chelidonichthys kumu MS 0.1 (0 - 1) - - - 0.1 (0 - 1) 2 70 
Total    2558 6430 3741 4505 1775 18958  
Species count     21 25 24 19 24   
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Swartkops Estuary with 3741 fishes belonging to 12 families and 24 species. Catches were 
mainly dominated by H. capensis (35.6%), P. knysnaensis (20.9%), S. turbynei and MEO R. 
globiceps (Sparidae) (6.9%) and Caffrogobius nudiceps (Gobiidae) (5%). The fourth highest 
catches were recorded in the Kromme Estuary with 2558 fishes recorded belonging to 9 
families and 21 species. Catches were mainly dominated by L. richardsonii (28%), H. capensis 
(21.6%), EM Atherina breviceps (Atherinidae) (13.8%), P. knysnaensis (12%) and M. capensis 
(8.4%). The lowest catches were recorded in the Kariega Estuary with 1775 fishes belonging 
to 13 families and 24 species. Catches were mainly dominated by R. holubi (24%), H. capensis 
(18.3%), L. richardsonii (16.4%), P. knysnaensis (16.3%) and MEO Liza dumerilii (Mugilidae) 
(8%).  
3.3. Species composition among habitat types 
A community analysis based on the habitat description among all estuaries indicated that H. 
capensis (35.7%), P. knysnaensis (18.9%), L. richardsonii (16.4%) and R. holubi (15.9%) were 
generally dominant in the non-vegetated sandy habitats whereas non-vegetated muddy habitats 
were mainly dominated by R. holubi (35.9%), L. richardsonii (13.7%), S. turbynei (12.8%) and 
G. aestuaria (10.6%). Vegetated mud habitats were mainly dominated by R. holubi (22.2%), 
H. capensis (15.6%) and L. richardsonii (13.8%).  
 
3.4. Distribution patterns in shallow water areas   
3.4.1. Available shallow water area coverage within estuaries 
The coverage of shallow water availability (SWA) mapped for each estuary is shown in Figure 
2. Due to the increased area of submerged and intertidal vegetation in the lower reaches of the 
Swartkops Estuary (mainly Zostera capensis and Spartina maritima), it was evident that it had 
the greatest amount of shallow water available (110.5 ha). This was followed by the Kromme 
(59.8 ha) (mainly Z. capensis), Kariega (14.7 ha) (Z. capensis and S. maritima), Gamtoos (12.5 
ha) and Sundays Estuary (6.9 ha). The latter two estuaries had very little vegetation that would 
serve as valuable nursery areas with the Sundays Estuary having no structural vegetation in the 
lower reaches at all.   
3.4.2. Species distribution within shallow water areas 
From the species composition discussed in the previous section, 15 of the most abundant 
estuarine and marine spawned species were selected for further analyses in shallow water areas 
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Figure 2: Visual representation of shallow water coverage during spring high and spring low tide in the lower reaches of 5 temperate 
estuaries during 2016. Shapes indicate dominating habitat type (triangle – Zostera capensis, rectangle – Spartina maritima). 
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(Table 2). These species were selected based on their importance within these systems as they 
are key prey species to many piscivorous fish and birds. 
3.4.2.1. CPUE for marine and estuarine species     
The catch per unit effort (CPUE) for abundant marine and estuarine spawned species were best 
described with a generalized additive model (GAM) that included several variables. Using only 
the shallow water and available vegetation (i.e. submerged (Z. capensis) and intertidal (S. 
maritima)) coverage as predictors for the first analysis, CPUE for marine species was 
significant with available vegetation habitat coverage (P ≤ 0.004), including the species R. 
holubi and L. dumerilii. Using the same predictors for the estuarine species it was found that 
CPUE had no significance with available vegetation cover or SWA, although a few species (C. 
gilchristi, Clinus superciliosus, Syngnathus temminckii) was significant with both SWA and 
vegetation coverage (P < 0.005) and C. nudiceps with vegetation coverage (P < 0.03).  
In a follow-up GAM, two additional environmental predictors (i.e. temperature & salinity) 
were included to explore further patterns. The CPUE for marine species was significant with 
both salinity (P ≤ 0.001) and vegetation cover (P ≤ 0.04). Using the same predictors for 
individual marine species, the sparids (Sparidae), R. holubi was significant with SWA, 
vegetation cover and salinity (P < 0.03), D. capensis (P < 0.0005) and R. globiceps (P < 0.03) 
with temperature and salinity and M. capensis was significant with vegetation cover. The 
CPUE for estuarine species was significant with vegetation cover (P ≤ 0.03), individual species 
such as G. aestuaria and C. gilchristi was significant with vegetation cover (P ≤ 0.03) and P. 
knysnaensis with salinity (P ≤ 0.01).  
In a final GAM, the environmental variable of total dissolved solids (TDS) was included. Based 
on the CPUE of marine species, predictors SWA, vegetation cover, salinity (P < 0.005) and 
TDS significant. Individual marine species included R. holubi with SWA and vegetation (P < 
0.0001) and salinity (P < 0.008), L. richardsonii with SWA and vegetation (P < 0.005), R. 
globiceps with SWA, temperature and salinity (P < 0.005) and M. capensis with vegetation (P 
≤ 0.02). The CPUE for estuarine species was significant with salinity and TDS (P < 0.0005) 
and individual species did not show any significance. Due to the amount of unique data per 
estuary, the model did not allow for systems to be analysed individually as they are too complex 
and the residual degrees of freedom were either negative or zero.   
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3.4.2.2. Species richness and diversity for marine and estuarine species  
 Following similar GAM analyses as in the previous section, the species richness and diversity 
was also analysed for species distribution within shallow water areas. No significance was 
found for estuarine species with any predictors therefore only marine species are discussed. 
Using SWA and vegetation cover as predictors it was found that both richness and diversity 
was significant with vegetation cover (P < 0.005). In the follow up GAM (temperature and 
salinity), both richness and diversity was significant with vegetation cover (P < 0.0005) and 
for the final GAM, SWA and vegetation cover was significant for both richness and diversity 
(P < 0.0001).   
3.5. Temporal and spatial trends in CPUE, species diversity and - richness  
Significant differences were found for the CPUE of marine and estuarine species between 
sampling years and significant differences were detected between estuarine and marine 
spawned species for the species richness, and diversity (P < 0.0001). Based on the vegetation 
cover, no significant differences were found between habitats based on individual species 
categories (Figure 3). Significant differences were also found for species richness and diversity 
between marine and estuarine species within and among each estuary (Figure 4). 
 
4. Discussion 
Shallow estuarine habitats that include seagrass meadows and salt marshes have been well 
studied all over the world in terms of spatial, temporal and seasonal variations in fish 
assemblages (Hajisamae & Chou, 2003). These habitats are known for supporting high 
abundances and diversity of fishes and invertebrates due to their structural complexity. 
Abundant food sources have also been linked to facilitate rapid growth of these species (Able 
et al., 1999; Beck et al., 2001; Baker & Sheaves, 2007, 2009; Ryer et al., 2010). The lower 
reaches from this study were mainly dominated by species from the marine category that 
included the marine estuarine opportunist and marine estuarine dependent guilds. The former 
refers to those that tend to enter in large numbers at some stage in their life cycle, typically as 
juveniles, they are not restricted to the sheltered environments of estuaries and frequently use 
coastal marine waters as an alternative nursery, whereas marine estuarine dependent species 
which was the most dominating category within this study, are highly dependent on these 
systems for survival during a critical stage in their life cycle due to the suitable nursery habitats 
(Potter et al., 2015).  
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Figure 3: Species richness (d) and species diversity (H’) for marine and estuarine spawned 
species in the dominant vegetation types in the lower reaches of five temperate estuaries 
during the recruitment period of October - December 2014 & 2015. 
Figure 4: Species richness (d) and species diversity (H’) for marine and estuarine spawned 
species in the lower reaches of five temperate estuaries during the recruitment period of October 
- December 2014 & 2015. 
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4.1. Shallow water availability  
Shallow water habitats have long been known for supporting numerous small and juvenile 
fishes, crustaceans and invertebrates in high abundances (Boehlert & Mundy, 1988; Heck et 
al., 2003; Strydom & Wooldridge, 2005; Baker & Sheaves, 2007). The presence of structurally 
complex submerged vegetation typically occurring within shallow estuarine waters is 
commonly believed to reduce predation risk resulting in higher densities of biota (Mattila et 
al., 2008; Sheppard et al., 2011). This further contributes to the oxygenation of the water 
column, improving the clarity of water by trapping suspended sediment, limiting wave action 
and playing an important role in nutrient trapping and recycling (Adams et al., 1999). Estuaries 
are generally known as rich feeding grounds and emphasis has been placed on the availability 
of abundant food supply to fulfil the diverse nutritional requirements of estuarine fish (Marias, 
1988). It is furthermore suggested that vegetated habitats have higher abundances of species 
and individuals compared to adjacent unvegetated habitats, which is a general requirement to 
serve as a nursery habitat (Connolly, 1994; Jenkins et al., 1997; Beck et al., 2001; Heck et al., 
2003; Whitfield & Pattrick, 2015). Many studies have aimed to determine the utilization of 
estuaries by juvenile fishes, the availability and amount of shallow water as an additional driver 
of nursery value and structuring of estuarine fish assemblages has only recently gained 
attention (Rypel et al., 2007; Becker & Suthers, 2014; Becker et al., 2017). These studies 
investigated water depth in relation to predators and competition by means of acoustic cameras. 
They concluded that the relation of juvenile fishes to these habitats is invariably associated 
with different stages of the diel cycle, and that fewer juveniles are associated with the shallower 
habitats at night possibly due to increased predation at night.  
Results from this study showed that shallow water availability (SWA) in combination with 
habitat coverage had a significant influence on fish abundance, particularly for marine species 
that recruit into estuarine nurseries. These habitats are crucial during the first entrance for many 
recruiting marine species (Jenkins & Wheatley, 1998; Potter et al., 2001). The first 
approximately 500 m of all estuaries, excluding the Swartkops, were characterized by large 
unvegetated sand areas (Kromme and Kariega) or similarly in the Sundays and Gamtoos, where 
steep dune descents were prevalent. Despite the distance and area of available shallow water 
habitats, some species such as Rhabdosargus holubi and R. globiceps showed a significant 
correlation with the availability of these habitats. Although the CPUE of estuarine species did 
not show any significance, some species showed a strong correlation with these habitats. Both 
Clinus superciliosus and Syngnathus temminckii are regarded as species generally associated 
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with these structured submerged habitats as was supported by the results. Since sampling of 
Zostera beds may lead to many species being undersampled, these species were only included 
for additional evidence.   
By using the most influential environmental variables (i.e. temperature and salinity) in 
conjunction with shallow water availability and vegetation cover towards juvenile recruitment, 
it was clear that the latter two had a significant influence on the distribution and abundance of 
individual species from marine and estuarine categories. The adaptation to salinity change is 
considered one of the most essential factors to many fish entering South African estuaries, 
where they consistently need to adapt to both high and low salinity regimes. They have a greater 
tolerance for lower rather than higher salinities, which is essential as these systems can undergo 
periods of flooding (Whitfield, 1998; Harrison & Whitfield, 2006). Based on the models, 
temperature did not appear to be an important variable for the abundance and distribution of 
fishes in any of the estuaries, except for Swartkops, but this was relatively weak. Although 
temperature can generally be regarded as an important cue for distribution and abundance 
patterns, it is also an unusual factor as thermal gradients are irregular and highly variable 
depending on tidal regimes, particularly in the lower reaches of estuaries (Boehlert & Mundy, 
1988; Whitfield, 1998; Maree et al., 2000).     
4.2. Species composition  
The highest catches recorded were both from the freshwater rich Sundays and Gamtoos 
estuaries and followed similar patterns as previous studies (Marais, 1981, 1983). These 
estuaries are both channel-like, subject to regular flooding, limited Spartina beds on the mud-
flats and have similar salinity regimes with low salinities prevailing at the head and a steady 
increase towards the mouth (Marais, 1983). Catch contributions from these two systems were 
mainly dominated by species from the marine spawned category, R. holubi and Liza 
richardsonii and the estuarine resident, Gilchristella aestuaria. In South Africa, the recruitment 
of R. holubi, L. richardsonii and Heteromycteris capensis occurs when they are 5 - 15 mm in 
length, from here they recruit towards the vicinity of the estuary mouth and the flooding tide 
sweeps them inside after which they move to the banks or the bottom where velocities are 
reduced (Beckley, 1985; Potter et al., 1990; Pattrick & Strydom 2014). Heteromycteris 
capensis along with Solea turbynei from the Soleidae family are regarded as marine species 
often found at high densities in South African estuaries where their larvae and juveniles are 
common in the lower reaches of estuaries as well as the adjacent marine environment (Potter 
et al., 1990). The presence of G. aestuaria in freshwater-rich systems at very high abundances 
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has been supported by past research where they benefit from the increased zooplankton 
abundances in the warmer summer months (Blaber et al., 1981; Whitfield & Harrison, 1996; 
Strydom et al., 2002; Vorwerk et al., 2008). The estuarine migrant, Psammogobius knysnaensis 
is regarded as a sand specialist, using its mottled sandy coloration for camouflage and can easy 
bury itself in the sand when disturbed. They have a wide salinity tolerance thereby enabling 
them to survive low salinities that prevail during river flooding (Whitfield, 1998). The estuarine 
and marine, Atherina breviceps is a shoaling fish often associated with submerged vegetation 
where feeding is often reduced by increased turbidity levels. They have been recorded at great 
salinity ranges although in this study they were limited to the freshwater deprived estuaries 
where the average salinities ranged from 29 - 32 (Neira et al., 1988; Whitfield, 1998). Both A. 
breviceps and G. aestuaria are considered important prey species that are heavily targeted upon 
by a range of piscivorous birds and fishes (Whitfield, 1998).   
4.3. Temporal and spatial trends in CPUE, species diversity and richness  
Despite the presence of submerged aquatic vegetation or increased shallow water availability, 
the Gamtoos Estuary had the highest species richness and diversity for marine species whereas 
Kariega had the highest species richness and diversity for estuarine species. The estimation of 
species richness and diversity are usually based on the catch contributions and henceforth 
further assumptions are made based on the number of representative and non-representative 
species within that area. This can also be further influenced by means of sampling effort and 
approaches (Bayley & Peterson, 2001). South African estuaries are primarily dominated by 
species of marine origin that use these habitats as suitable nursery areas. As such, the species 
richness within these systems are typically high but tend to display lower species diversities 
with only a few dominating taxa (Whitfield, 1994). It has been shown that species richness is 
generally higher in those systems permanently open to the marine environment compared to 
those temporarily open/closed (Vorwerk et al., 2003; Harrison & Whitfield, 2006; Vasconcelas 
et al., 2015). Much of species richness and diversity have been positively correlated with 
habitat structure, although quantifying the relative importance of specific habitats can be 
impossible due to the many components linked with habitat complexity (Gratwicke & Speight, 
2005; Edworthy & Strydom, 2016). Results have shown that structurally complex habitats such 
as those associated with high area of seagrass beds are responsible for higher species richness 
and diversity, although the same can be said for non-complex habitats such as the mudflats 
sampled in the Gamtoos and Sundays estuaries.  
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5. Conclusion 
Understanding the importance of increased shallow water coverage along with the availability 
of vegetation coverage is essential, as this level of information can be used towards further 
understanding the fundamental functions delivered by these nursery habitats that can be used 
for sustainable fish conservation and systematic management. The recruitment of fishes 
through an estuary mouth is essential and their subsequent transportation into suitable habitats 
in the lower reaches is crucial for successful completion of their life cycle (Islam et al., 2007). 
The availability of structured habitats within estuaries does not necessarily influence the 
species diversity and richness as was seen within this study, although increased shallow water 
coverage created by these habitats showed a much greater importance towards the distribution 
of species. Increased submerged and intertidal habitats are also responsible for creating much 
greater areas of shallow water coverage essential to many species of marine and estuarine 
species. By using a multi-estuary approach, greater evidence of species estuarine use can be 
provided and allow for direct comparisons of arising patterns (Vasconcelos et al., 2010). 
Studies based on this degree of shallow water quantification have not been previously assessed 
and further studies are encouraged to determine shallow water availability within individual 
systems.    
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CHAPTER 4 
HABITAT PARTITIONING IN JUVENILE FISHES ASSOCIATED WITH 
THREE VEGETATION TYPES IN SELECTED WARM TEMPERATE 
ESTUARIES, SOUTH AFRICA 
Summary 
Three common vegetation types were studied to assess habitat partitioning in juvenile fishes in 
select warm temperate estuaries of South Africa. Vegetated habitat types are known as 
productive and important areas for predator avoidance and feeding and are often preferred by 
juvenile fishes. Habitat partitioning is not well understood, with previous studies mostly 
focussing on seagrass (Zostera capensis). This study aimed to assess three common vegetated 
fish nursery areas in estuaries to aid conservation planning. Fishes were collected by means of 
double-winged, six-hooped fyke nets, 1 mm mesh size secured in placed on the nocturnal flood 
tide at each inundated vegetation type (Phragmites australis, Zostera capensis, Spartina 
maritima) and at an adjacent unvegetated site for three consecutive months (October - 
December) in 2014 and 2015 during the summer recruitment period for juvenile fishes. Higher 
catches were frequently recorded in vegetated areas for solely estuarine and marine estuarine 
dependent species. In general, the previously unstudied reed, P. australis showed the highest 
species richness and abundance of juvenile fishes overall, followed by, Z. capensis and the 
intertidal salt marsh species, S. maritima. Results from this study supports international trends 
on the value of vegetated areas as refugia for young fishes in estuaries. 
 
Keywords: Ichthyofauna, nursery grounds, macrophytes, species abundance, recruitment 
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1. Introduction 
Estuaries are considered one of the most productive habitat types worldwide as they provide 
important refuge and feeding areas for the juveniles of many species (Boehlert & Mundy, 1988; 
Potter et al., 1997; Van Niekerk & Turpie, 2012; Vasconcelos et al., 2015). The proportion of 
juveniles entering these systems varies among species, as well as developmental stages at first 
entry, with some species arriving as late stage larvae (Whitfield, 1994; Strydom, 2015). 
Juveniles of important recreational and commercial species rely on estuaries as nursery areas 
until their return to the marine environment (Beckley, 1984; Beck et al., 2001; Able, 2005; 
Vasconcelos et al., 2011). 
Estuaries are characterized by a plethora of habitat types including open-water areas, sand 
substrata, mudflats, rocky substrata and various plant communities that adds to their ecological 
importance (Jenkins & Wheatley, 1998; Joseph et al., 2013; Edworthy & Strydom, 2016). 
Submerged aquatic vegetation significantly adds to the nursery value of estuaries due to their 
structural complexity creating not only shelter from predation, but also serve as rich feeding 
grounds for juvenile fishes (Marais, 1988; Rozas & Odum, 1988; Beck et al., 2001; Henninger 
et al., 2009; Sheppard, 2010; Vasconcelos et al., 2011). Not all species utilize estuaries in the 
same way and niche partitioning is essential in areas of high juvenile abundance (Boehlert & 
Mundy, 1988; Edworthy & Strydom, 2016). The selection of habitats in estuaries by juvenile 
fishes is still poorly understood but is related to habitat type (França et al., 2011; Whitfield & 
Pattrick, 2015), connectivity (Herzka, 2005; Dance & Rooker, 2015), structural complexity 
(Jenkins & Wheatley, 1998; Edworthy & Strydom, 2016), prey and predator fields (Levin et 
al., 1997; Clark et al., 2003) and local environmental conditions (Richardson et al., 2006; 
Valiñas et al., 2011). The utilisation of vegetated habitats in estuaries has received considerable 
attention worldwide (Rozas & Odum, 1988; Ferrell & Bell, 1991; Connolly, 1994; Jenkins & 
Wheatley, 1998; Nanjo et al., 2011; Scheinn et al., 2012; Joseph et al., 2013) although this 
tended to focus on seagrasses and mangroves with multiple habitat comparisons seldom made. 
In South Africa, most research has focused on eelgrass Zostera capensis with recent expansions 
into salt marshes and other habitats (Edworthy & Strydom, 2016).  
It is generally accepted that eelgrass habitats play an important role in the structuring of 
estuarine communities (Jordan et al., 1997; Joseph et al., 2013; Dance & Rooker, 2015). For 
example, higher fish abundance is commonly associated with vegetated habitats compared to 
unvegetated habitats in estuaries worldwide (Lubbers et al., 1990; Ferrell & Bell, 1991; Hudges 
et al., 2002; Hunter-Thomson et al., 2002; Rotherham & West, 2002; Franco et al., 2006; 
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Hosack et al., 2006; Joseph et al., 2013). In South Africa, this phenomenon requires further 
study as most other vegetation types that could serve as fish refugia remain unexplored. 
Existing knowledge is centred on eelgrass (Branch & Grindley, 1979; Hanekom & Baird, 1988; 
Beckley, 1983; Whitfield et al., 1989; Ter Morshuizen & Whitfield, 1994) and salt marsh 
drainage creeks (Paterson, 1998; Paterson & Whitfield, 2003; Booth, 2007). Spartina maritima 
and Phragmites australis habitats, despite their common occurrence in temperate estuaries, 
were never assessed for fish use and therefore nursery value.  
The purpose of this study was to assess habitat partitioning of juvenile fishes in three commonly 
occurring submerged and emergent vegetation types in five warm temperate estuaries on the 
south east coast of South Africa. These habitats include: submerged eelgrass (Zostera 
capensis), intertidal small cord grass (S. maritima) and the subtidal common reed (P. australis). 
These habitats are often difficult to sample with traditional seine nets and passive fyke nets 
were used to explore fish use patterns during tidal inundation. It was hypothesized that all 
vegetation areas would support juvenile fish assemblages and that certain species would 
display clear habitat partitioning with some submerged vegetation types being preferred to 
others.  
 
2. Materials and methods 
2.1. Study area 
Five permanently open estuaries were selected on the warm temperate, south east coast of 
South Africa. Estuaries selected were due to their known fish nursery areas and they displayed 
typical estuarine variability for the region. The estuaries  in this study were the freshwater 
deprived Kromme (34°8'32.15" S; 24°50'37.30" E ) and Kariega (33°40'57.16"S; 26°41'9.81" 
E), the freshwater rich Gamtoos (33°58'8.42"S; 25°2'21.48" E) and Sundays (33°43'15.23"S; 
25°51'9.63" E) and the moderately regulated Swartkops (33°51'53.99" S; 25°37'55.48" E) 
(Figure 1). Vegetation types within each estuary were selected based on occurrence and 
density. Due to estuarine physico-chemical variability, not all vegetation types are equally 
present in these systems (Adams et al., 1999). Only two of the estuaries (i.e. Swartkops, 
Kromme) contained all three vegetation types, namely submerged eelgrass Zostera capensis, 
the small intertidal cord grass, Spartina maritima and the common reed, Phragmites australis, 
commonly found growing near a source of freshwater input. The remaining Gamtoos, Kariega 
and Sundays only had two vegetation types, with Z. capensis and S. maritima abundant in the 
lower reaches of Kariega and S. maritima and P. australis present in Gamtoos with Sundays 
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Figure 1: Geographic position of study estuaries showing vegetation types within each estuary during the study spanning the months October-
December in 2014 and 2015.  
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having only the latter but an alternative, morphologically similar intertidal sedge species 
(Cyperus laevigatus) was chosen to represent the absent vegetation type in this estuary.  
2.2. Sampling methods 
Sampling occurred once a month for three consecutive months (October to December) during 
the peak recruitment period in the late spring to summer of 2014 and 2015. Sampling coincided 
with the first quarter of the moon cycle when the flooding tide occurred after sunset due to 
increased fish abundance linked to tidal movement and olfactory cues at night (Islam et al., 
2007). A total of six sampling events took place in each estuary. On each sampling occasion, 
two double-winged, six-hooped fyke nets (1 mm mesh size) were set and anchored in place. 
The two wings on either side were stabilised with 1.9 m long iron bars driven into the sediment. 
All fyke nets were fitted with a plastic 45 mm x 45 mm mesh otter guard to prevent access to 
larger predatory fishes and aquatic mammals and birds.  
At each site, one net was placed in the vegetation whilst the other was placed in an adjacent 
open, unvegetated area. Nets were set at low tide and sampling took place for the duration of 
the flooding tide (± 6 hours), thereafter the contents of each fyke net were emptied and fish 
were identified, measured and released alive on site. Individuals that could not be identified on 
site were preserved in 10% formalin and identified in the laboratory to the lowest taxonomic 
level (Smit & Heemstra, 1995). The guild approach (Potter et al., 2015) was used to classify 
fishes comprising of four categories, estuarine, marine, diadromous and freshwater. For this 
study only the former two was applicable with the estuarine category being further divided into 
solely estuarine (SE), estuarine migrant (EMi), estuarine & marine (EM) and estuarine & 
freshwater (EF) and the marine category were divided into marine estuarine opportunist (MEO) 
and marine estuarine dependent (MED). Physico-chemical parameters such as temperature 
(°C), pH, total dissolved solids (TDS), salinity (Practical salinity unit - PSU), conductivity 
(μS/cm), nephelometric turbidity units (NTU) and dissolved oxygen (%) levels were recorded 
at each habitat site at time of retrieval.  
2.3. Data analysis 
All physical and biological data were analysed with STATISTICA software version 13, 2015. 
Data were tested for normality and homogeneity of variance using a normal probability plot, 
Shapiro-Wilk and Levene’s test followed by appropriate square root and log transformations. 
All physical and biological data did not conform to parametric assumptions, therefore only 
non-parametric tests were used. A non-parametric Kruskal-Wallis (H) ANOVA was used to 
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assess for differences in physico-chemical variables, fish CPUE and diversity indices among 
habitats and sampling years (2014 and 2015). Multiple linear stepwise regression (MLR) was 
used to determine whether physico-chemical variables or diversity indices showed any 
significant differences with fish density. Multivariate and diversity indices such as species 
number (N), Shannon-Wiener diversity (H’), Margalef species richness (d) were analysed using 
Primer and Permanova statistical package version 6, 2009. 
For community analysis, density data were transformed by  𝑙𝑜𝑔𝑥+1 prior to analyses. A two-
way crossed ANOSIM was conducted to assess habitat similarity and SIMPER was used to 
assess the contributions of individual species to these habitats, estuaries and sampling years. A 
significance level of P < 0.05 was used for all statistical analysis. 
 
3. Results 
3.1. Environmental variability 
A significant difference (P < 0.01) was found for all physico-chemical variables between the 
sampling years and among estuaries with significant differences for temperature (H = 56.5; n 
= 144; P < 0.0001) and dissolved oxygen (DO) (H = 27.1; n = 144; P < 0.0001) within each 
recruitment period (October - December). There was also a significant difference among the 
habitats for temperature (H = 15.7; n = 144; P < 0.008), NTU (H = 11.1; n = 144; P ≤ 0.05), 
salinity, TDS and conductivity (P < 0.0001). The range of environmental parameters in each 
estuary is shown in Figure 2.  
Physico-chemical variables were tested for differences among habitats and between sampling 
years (2014 and 2015) for each individual system. For Swartkops, there were significant 
differences for temperature (H = 9.6; n = 36; P < 0.01), TDS, salinity and conductivity (P < 
0.001) in each of the habitats with only pH being significant (H = 26.4; n = 36; P < 0.0001) 
between sampling years. The Gamtoos, Kariega, Kromme and Sundays estuaries showed no 
significant differences among the different habitats, but significance was found between the 
sampling years for both TDS and conductivity and both salinity and DO in the Kromme, 
Gamtoos and Kariega estuaries. Habitat location in both the freshwater deprived Kariega and 
Kromme estuaries were very similar (<2 m apart), thus no significant differences were noticed 
among the habitats or the estuaries, except for DO (P < 0.001). The Gamtoos and  
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Figure 2: Mean and range (minimum and maximum) of environmental variables recorded in each estuary 
during the study period (October – December 2014 & 2015). 
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Table 1: Species and taxa composition, guild classification (Potter et al., 2015), total catch per habitat (V = vegetated; U = unvegetated), body length 
(range) and estuary where they were found. All = present in all estuaries, GA = Gamtoos, KA = Kariega, KR = Kromme, SU = Sundays, SW = Swartkops. 
   TOTAL CATCH   
   Z. capensis P. australis S. maritima Body Length (mm)  
Family Scientific name Guild V U V U V U Mean (Min - Max) Estuary 
Estuarine category        
Atherinidae Atherina breviceps  EM 14 24 75 23 7 7 38.38 (10 - 85) ALL 
Clinidae Clinus superciliosus EM 2 0 0 0 0 0 45.5 (27 - 64) KR/SW 
Clupeidae Gilchristella aestuaria SE 4 188 15 9 61 6 49.47 (16 - 70) ALL 
Gobiidae Caffrogobius gilchristi EM 16 12 49 24 53 55 51.88 (17 - 110) ALL 
 Caffrogobius nudiceps EM 15 7 28 5 3 4 72.37 (35 - 114) KA/KR/SW 
 Glossogobius callidus EF 5 0 18 20 13 9 58.18 (23 - 91) GA/KR/SU/SW 
 Psammogobius knysnaensis EMi 8 134 3 5 16 43 31.06 (11 - 61) ALL 
Syngnathidae Syngnathus temminckii  EM 0 0 0 0 1 0 156  KR 
Marine category        
Ariidae Galeichthys feliceps MEO 0 0 2 3 2 0 69.85 (55 - 101) GA/SU 
Haemulidae Pomadasys commersonnii MED 0 0 0 0 0 2 57 (53 - 61) SU 
Monodactylidae Monodactylus falciformis MED 0 1 16 7 6 0 64.2 (23 - 138) GA/KR/SU/SW 
Mugilidae Liza richardsonii MEO 0 0 12 50 61 8 47.87 (16 - 124) KA/KR/SU/SW 
 Mugil cephalus MED 0 3 0 0 0 0 12.3 (11 - 14) SW 
 Myxus capensis MEO 2 0 35 6 28 6 35.41 (11 - 118)  ALL 
Ophichthidae Ophisurus serpens MEO? 0 0 1 0 0 1 370 (260 - 480) KA/SU 
Soleidae Heteromycteris capensis MEO 0 0 0 3 0 0 42.33 (38 - 46) KR 
 Solea turbynei MEO 0 0 3 0 5 0 45.75 (27 - 65) GA/SU/SW 
Sparidae Diplodus capensis MEO 34 14 17 4 24 2 24.72 (12 - 51) GA/KA/KR/SW 
 Lithognathus lithognathus MED 1 0 1 0 1 2 75.8 (22 - 155) SW/KR/SU 
 Rhabdosargus globiceps MEO 1 0 0 0 0 0 94  KR 
 Rhabdosargus holubi MED 19 11 111 36 136 57 59.05 (12 - 162) ALL 
 Sarpa salpa MEO 0 1 0 0 6 0 39  SW 
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Sundays estuaries are both classified as freshwater rich estuaries with little variation seen in 
the physico-chemical variables among habitats, although significant differences were observed 
between these estuaries for TDS, pH, conductivity and DO (P < 0.04). Significant differences 
were seen among the Gamtoos, Kariega, Kromme and Sundays estuaries for conductivity and 
TDS (P < 0.0001) and for Gamtoos, Kariega and Kromme significant differences were seen 
for pH and salinity (P < 0.0001). Gamtoos also showed significant differences in NTU (H = 
10.5; n = 24; P < 0.001) and DO (H = 7.7; n = 24; P < 0.006). Kariega showed significant 
differences for both temperature (H = 5.4; n = 24; P < 0.02) and DO (H = 9.1; n = 24; P < 
0.003), while in the Kromme, a significant difference was recorded for DO (H = 8.16; n = 36; 
P < 0.004) and pH in Sundays pH (P < 0.0001).   
 
3.2. Habitat occurrence 
3.2.1. Species composition 
A total of 1722 fish were captured belonging to 12 families and 22 species (Table 1). Of these, 
981 (6 families, 8 species) belonged to the estuarine category and 741 (7 families, 14 species) 
to the marine category. In the estuarine category, SE Gilchristella aestuaria (Clupeidae) 
comprised 28.8% of the catch, EM Caffrogobius gilchristi and EMi Psammogobius 
knysnaensis gobiids both contributed 21.3% of the catch. The EM Atherina breviceps 
(Atherinidae) contributed 15% of the catch while remaining species contributed less than 10%. 
In the marine category, the MED Rhabdosargus holubi (Sparidae) comprised 49.9% of the 
catch, with the MEOs Liza richardsonii (17.7%) (Mugilidae), Diplodus capensis (12.8%) 
(Sparidae) and Myxus capensis (10.4%) (Mugilidae) also made significant contributions to the 
catch. All other species contributed less than 5% to the catch. Based on the percentage 
contribution of each species in particular vegetated and unvegetated habitats, it was clear that 
much of the species were associated with vegetated habitats (Figure 3). Species such as the EM 
Clinus superciliosus (Clinidae), S. temminckii (Syngnathidae), the MEO Heteromycteris 
capensis (Soleidae), Mugil cephalus (Mugilidae), and the MED Pomadasys commersonnii 
(Haemulidae) and Rhabdosargus globiceps (Sparidae) did not have high individual catches (n 
< 3) and were limited to a distinct habitat type. 
3.2.2. Spatial and temporal trends in catch per unit effort  
Only two species showed a significant difference between the sampling years, this was EM 
Caffrogobius nudiceps (Gobiidae) (H = 4.8; n = 60; P < 0.03) and D. capensis (H = 7.8; n = 
88; P < 0.005). The total catch in the estuarine category for 2014 was 380 fish (5 families, 7 
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species), not including S. temminckii, and in 2015, 601 fish were captured (5 families, 7 
species), excluding C. superciliosus. In the marine category, the catch during 2014 was 485 
fish (7 families, 13 species), excluding H. capensis, and 256 fish (6 families, 11 species) were 
captured in 2015 and excluded R. globiceps, M. capensis and P. commersonnii. There was a 
strong relationship detected among certain species and the physico chemical variables such as 
temperature, pH, TDS and NTU. Temperature showed a strong correlation for two marine 
category species, that is, R. holubi and MEO Solea turbynei (Soleidae) (P < 0.04), pH for A. 
breviceps and C. nudiceps (P < 0.03), MED Lithognathus lithognathus (Sparidae) (P < 0.05) 
and R. holubi (P < 0.02). Total dissolved solids were significant for C. gilchristi and C. 
superciliosus (P < 0.02) and for L. lithognathus (P < 0.03), with NTU being significant for P. 
knysnaensis, C. superciliosus and M. cephalus (P < 0.05).   
 
 
Figure 3: Percentage contribution of each species in each habitat type in five estuaries on the 
temperate coast of South Africa. Species are grouped by estuarine association (Potter et al. 2015) 
(October – December 2014, 2015): SE = solely estuarine, EM = estuarine & marine, EF = estuarine & 
freshwater, EM= estuarine migrant, MEO = marine migrant estuarine opportunists, MED = marine 
migrant estuarine dependent. 
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3.3. Spatial and temporal trends in species richness and diversity  
The species diversity (H’) was generally highest among the vegetated habitat types compared 
to the unvegetated habitats and highest in P. australis (H’ = 0.83 vs. 0.73) followed by S. 
maritima (H’ = 0.77 vs. 0.45) and Zostera capensis (H’= 0.63 vs. 0.41). The species richness 
index (d) was similar to the species diversity trends, namely a higher richness within vegetated 
habitats with similar vegetation preferences, P. australis (d = 1.8 vs 1.6); Z. capensis (d = 1.64 
vs 1.14) and S. maritima (d = 1.5 vs 1.4) by species. These data were, however not significantly 
different. 
 
3.4. Habitat variability 
The abundance of fishes was compared among the three different habitat types based on 
comparisons with adjacent unvegetated areas (Figure 3). Four species, representing three guilds 
(according to Potter et al., 2015) showed significant differences among these habitats. This was 
the EF gobiid Glossogobius callidus (H = 10.6; n = 65; P = 0.05) within P. australis and S. 
maritima, the MED Monodactylus falciformis (H = 16.7; n = 30; P = 0.05) within P. australis, 
D. capensis (H = 11.4; n = 95; P = 0.04) and R. holubi (H = 16.5; n = 370; P = 0.005). The 
latter two sparids were associated with all studied habitat types but showed a stronger affinity 
towards the vegetated sites. Total body length of species indicated that all Gobiidae members, 
except G. callidus were greater within the vegetated habitats, for Sparidae, both L. lithognathus 
and R. holubi showed greater lengths in the vegetated habitats whereas D. capensis were 
generally greater in the unvegetated habitats. M. falciformis was also notably larger in the 
unvegetated habitats of S. maritima and P. australis. 
 
3.5. Community analysis 
A two-way crossed ANOSIM revealed a significant difference among the habitat groups of 
2014 and 2015 (Global R = 0.036; significant level (SL) = 3.8%) (averaged across sampling 
years). Pairwise test revealed that there were significant differences between Z. capensis and 
P. australis (R statistic = 0.12; SL = 1.8%), unvegetated Z. capensis and P. australis (R statistic 
= 0.29; SL = 0.1%), unvegetated Z. capensis and unvegetated P. australis (R statistic = 0.16; 
SL = 0.3%) and unvegetated S. maritima and Z. capensis (R statistic = 0.16; SL = 0.3%). The 
SIMPER analyses (Table 2) showed that the family Gobiidae contributed to the majority of 
catches among all habitats types, whereas Atherinidae and Clupeidae showed higher 
contributions at Z. capensis. The MED R. holubi showed strong associations towards all of the  
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habitats, with higher contributions at S. maritima (~ 86.1 %), followed by P. australis (~ 
79.6%) and Z. capensis (~ 56.7%). A higher contribution of MED M. falciformis (12%) was 
also seen at P. australis and the MED sparid D. capensis (43.3%) at Z. capensis. 
 
4. Discussion 
Although there have been numerous studies highlighting the importance of submerged aquatic 
vegetation in estuaries and elsewhere, most of these studies focused on seagrass habitats 
(Beckley, 1983; Hanekom & Baird, 1984; Connolly, 1994; Rotherham & West, 2002; Schaffler 
Table 2: SIMPER test results for each habitat type according to the categories from Potter et 
al., 2015. Species indicate their contribution to each of these habitats accordingly within five 
temperate estuaries during October – December 2014 and 2015.  
 
Estuarine species (%) contribution Marine species (%) contribution 
Habitat 
  
Zostera capensis C. nudiceps = 40.3 % R. holubi = 56.7 % 
 C. gilchristi = 35.6 % D. capensis = 43.3 % 
 A. breviceps = 10 %  
 P. knysnaensis = 9.7 %  
   
Unvegetated  
Zostera capensis G. aestuaria = 39 % D. capensis = 57.2 % 
 C. gilchristi = 23.5 % R. holubi = 42.8 % 
 C. nudiceps = 17 %  
 A. breviceps = 13.8 %  
   
Spartina maritima C. gilchristi = 63.1 % R. holubi = 86.1 % 
 P. knysnaensis = 16.1 % L. richardsonii = 5.8 % 
 G. callidus = 9.5 %  
 G. aestuaria = 5.7 %  
   
Unvegetated  
Spartina maritima C. gilchristi = 73.1 % R. holubi = 82.1 
 G. callidus = 13.3 % L. richardsonii = 9.1% 
 P. knysnaensis = 11.6 %  
   
Phragmites australis C. gilchristi = 64.1 % R. holubi = 79.6 % 
 G. callidus = 25.1 % M. falciformis = 12 % 
 G. aestuaria = 4.2 %  
   
Unvegetated 
Phragmites australis C. gilchristi = 65.1 % R. holubi = 77.7 % 
 G. callidus = 22.2 % L. richardsonii = 11.1 % 
 P. knysnaensis = 7.3 % M. capensis = 6.2 % 
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et al., 2013; Lee et al., 2014). This study expands on the use of additional common vegetation 
types by juvenile fishes in temperate South African estuaries. Aquatic vegetation is generally 
recognized as an important structural habitat providing refuge for young fishes and in so doing 
resulting in increased diversity and abundance of macrofauna associated with these habitats 
(Ferrell & Bell, 1991; Jordan et al., 1997; Whitfield, 1998; Beck et al., 2001; Schein et al., 
2010; Sheppard et al., 2012). Their structural complexity provides prey species with refuge 
from predators, increased foraging opportunities and provides nursery habitat for many 
commercially important species (Beckley, 1983; Whitfield, 1998; Beck et al., 2001; Gratwicke 
& Speight, 2005; Schaffler et al., 2013; Adams, 2016).  
Worldwide, submerged aquatic vegetated habitats have been known to support a greater 
diversity and abundance of juvenile fishes when compared to bare unvegetated substrata 
(Boehlert & Mundy, 1988; Connolly, 1994; Jenkins et al., 1997; Guidetti, 2000). However, 
some studies showed no significant differences between these habitats (Hanekom & Baird, 
1984; Heck & Thoman, 1984; Humphries et al., 1992; Ferrell & Bell, 1991) in that they share 
similar species compositions, but this has been linked to movement between these habitats for 
feeding and refuge and indicative of species plasticity of use among habitats (Whitfield & 
Pattrick, 2015; Edworthy & Strydom, 2016). There is a great need in understanding the 
relationship between environmental factors and fish species distribution but also their patterns 
of occurrence and abundance, as it is essential for biodiversity conservation (França et al., 
2011; Bruno et al., 2013).     
4.1. Spatial trends 
Seagrass beds support different estuarine and marine estuarine dependent species fish species, 
often at much greater diversity and abundance when compared to bare substrata (Rosaz & 
Odum, 1988; Ferrell & Bell, 1991; Connolly, 1994; Jenkins et al., 1997). Results from the 
current study showed that both the species richness (d) and diversity indices were higher in the 
vegetated Zostera capensis compared to adjacent unvegetated areas, although seagrass showed 
the lowest species diversity and richness values compared to the submerged reeds and cord 
grasses, which represents a new finding. The latter two had not previously been investigated in 
South Africa for importance to fishes. Seagrasses are important in the sense that they serve as 
a substrate for epiphytes and periphyton, which is then a food source for numerous organisms 
(Moncreiff & Sullivan, 2001; Adams, 2016). A study by de Wet & Marias (1990) showed that 
the stomach contents of R. holubi in the Swartkops Estuary mainly consisted of Z. capensis and 
filamentous algae, which explains their close affinity with these habitats. This has also been 
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found in recent studies for the same species (Carassou et al., 2016; Nel et al., 2017). Although 
R. holubi do not possess the enzyme cellulase, which helps with the digestion of plant material, 
the epiphytic diatoms and Bryozoa that occurs on macrophytes and filamentous algae are 
digested in the stomach (Blaber, 1973). Since seagrasses are often restricted to the shallow 
waters, it is also thought to restrict the movement of larger fish and therefore support a larger 
proportion of smaller individuals which feed and take refuge here (Smith et al. 2013). Studies 
related to submerged aquatic vegetation in South Africa are limited, as they are often restricted 
to a single habitat and even fewer have studied the association between vegetated and 
unvegetated habitats (Whitfield & Pattrick, 2015; Edworthy & Strydom, 2016).  
Small cord grass, Spartina maritima are also known to support high density of juvenile 
estuarine and marine dependent fishes (Thomas & Connelly, 2001; Paterson & Whitfield, 
2003; Valiñas et al., 2011). They form important intertidal habitats within temperate South 
African estuaries and are often found in protected embayments (Whitfield, 1998). During the 
study, it was found that S. maritima showed the second highest species diversity after P. 
australis, but the lowest species richness after Z. capensis. Higher diversity of fishes found in 
the salt marshes may be related to their movements during the peak ebb or flooding stages 
where and activities at night reduces the risk of predation due to limited light for visual 
predators (Jones et al., 2014; Pattrick & Strydom, 2014). The extensive usage by juvenile fishes 
in salt marsh habitats are associated with their high productivity that provides enhanced shelter 
and foraging opportunities. Valiñas et al., (2011) found that the fish assemblages were 
positively correlated to the benthic community within salt marshes. Nel et al., (2017) also found 
that for R. holubi, larger individuals were frequent around the salt marsh and reed habitats 
where benthic invertebrates such as Hymenosoma orbiculare and Upogebia africana made 
large proportions of their diets. This was supported by Jones and Able (2015) who noted that 
larger fishes generally occupy higher tropic levels. Trophic availability constitutes a major role 
in supporting fish populations particularly the intertidal areas that form important feeding areas 
(Pasquaud et al., 2015).  
Phragmites australis is a rhizomatous reed species that forms dense beds in the tidal, brackish 
upper reaches (<15 PSU) of South African estuaries (Adams et al., 1999). They provide food 
for epifaunal and benthic invertebrate species in the form of diatoms, filamentous algae and 
detritus which are then consumed by carnivorous fish species (Connolly, 1994; Adams et al., 
1999). A concurrent study by Lemley et al., (2017) examined the influence of macrophyte 
habitats (Z. capensis and P. australis) on their associated microalgal communities found that 
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the epiphytic biomass of P. australis were significantly greater than Z. capensis, the diversity 
of benthic diatoms was markedly lower at unvegetated sites and a significantly greater 
microphytobenthos (MPB) biomass was seen in the vegetated habitats. MPB communities are 
vital to estuaries as they can provide up to 50% of the total autochthonous primary production 
used by filter and deposit-feeding invertebrate prey as well as detritivorous fish species 
(Underwood & Kromkamp, 1999; Whitfield, 1998). Although these habitats are limited in fish 
use studies, particularly in South African estuaries due to the difficulty in sampling, they are 
frequently studied in the United States due to their extreme invasion into marsh habitats leading 
to deleterious effects on the presence of early life stages of Fundulus heteroclitus 
(mummichog) (Weiss & Weiss, 2003; Jones & Able, 2015). To the authors knowledge there 
are no studies pertaining to the effects of P. australis in South African estuaries, even though 
they occur in more than half of these systems (Adams, 2016). During this study, P. australis 
showed both the highest species richness and diversity values, although it was very similar to 
S. maritima. It is believed that tidally inundated marsh surfaces, reeds included, are important 
sites for energy exchanges for resident and transitory fishes based on the greater abundance of 
fishes and crustaceans typically found within these habitats (Able & Hagan, 2000). Juveniles 
belonging to the family Monodactylidae are generally associated with these habitats as their 
camouflaged coloration and body shape assist against predation up to the stage where they 
return to the sea (Whitfield, 1998). Understanding how resident and migrating fish species 
utilizes space and food resources within and among adjacent habitat sites is therefore crucial 
in designing appropriate measures for the conservation and management of these areas.  
4.2. Drivers of spatial and temporal trends 
South African estuaries are highly variable in terms of its physical and biological characteristics 
on both a spatial and temporal scale and since all these systems are influenced by freshwater 
input they are creating aquatic environments with salinities, turbidity’s and temperatures very 
different to that of the adjacent sea (Whitfield, 1994). The extent to which these environmental 
factors influences the spatial and habitat use of estuarine and marine fishes is largely influenced 
by the estuary’s morphology and its connection to the open sea (Gannon et al., 2015). It is 
therefore not surprising that physico-chemical parameters (e.g. temperature, salinity, and TDS) 
were significantly different among estuaries and habitats. The distribution of fishes in estuaries, 
particularly at species level are generally highly dependent on factors such as salinity, 
freshwater input, mouth dynamics, as well as habitat variability and availability (Richardson et 
al., 2006). One of the most important adaptations for fishes penetrating estuaries is the ability 
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to adjust to salinity changes (Whitfield et al., 1981) thus it is possible that salinity is linked 
with species richness patterns at much larger spatial extents (Vasconcelos et al., 2015). From 
previous studies, it has been shown that temperature also acts as an important driver of fish 
recruitment and distribution (Blaber, 1973; Vorwerk et al., 2003; Kisten et al., 2015). The 
strong contribution of marine-estuarine opportunist D. capensis within each habitat indicate 
the importance of estuaries to species from this guild. They serve as alternative habitats with 
favouring physical factors such as feeding grounds and protection, reduced turbidity and wave 
action (Able, 2005). Site-specific usage by fishes may also be largely influenced by the 
presence of vegetation, as abiotic and biotic conditions tend to differ between these habitats, 
but also the distance from the sea and the level of predation (Hanekom & Baird, 1984; Valiñas 
et al., 2011). Understanding the environmental variables responsible for the usage patterns seen 
in fishes not only aids in monitoring changes but also assist with summarizing complex 
information about the environment (Harrison & Whitfield, 2006). 
 
5. Conclusions 
Although low in catches, clear habitat partitioning as well as species-specific plasticity in 
habitat could still be observed in terms of vegetated versus unvegetated. The species richness 
and diversity in vegetated areas were higher for species from the marine category compared to 
those from the estuarine category and more frequently used by the marine-estuarine dependent 
and opportunist species compared to adjacent unvegetated areas. It is also clear that juvenile 
fish species utilize these habitats in very different ways in terms of shelter and feeding, although 
the extent of this remains unclear. It is also assumed that there is a change in the foraging and 
movement behaviour of juvenile fishes between these habitats during night time due to shifting 
predation measures. Understanding the association between these habitats and how both 
estuarine and marine dependent juvenile fishes uses estuaries as nursery areas are vital for 
estuarine management and conservation as habitat fragmentation and anthropogenic activities 
could lead to the absence of commercially and recreationally important linefish species. This 
study further supports the concept that species richness and diversity is higher in vegetated 
habitats compared to un-vegetated habitats and furthermore provides evidence for previously 
unexplored habitats.   
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CHAPTER 5 
FEEDING ECOLOGY OF AN ESTUARINE SPARID, RHABDOSARGUS 
HOLUBI, IN MULTIPLE VEGETATED REFUGIA OF SELECTED 
TEMPERATE ESTUARIES IN SOUTH AFRICA 
(PUBLISHED: ESTUARINE COASTAL AND SHELF SCIENCE, 197: 194-204 (2017)) 
Summary 
Estuarine marine-dependent species, such as Rhabdosargus holubi, depend greatly on 
structured sheltered environments and important feeding areas provided by estuaries. In this 
study, we investigate the ecological feeding niches of the estuarine marine-dependent sparid, 
R. holubi, by using conventional stomach contents and stable isotope methods (δ13C and δ15N 
signatures). The study has been carried out in five temperate estuaries in order to understand 
how fish feed in multiple intertidal vegetated habitats. These habitats included the submerged 
seagrass, Zostera capensis, and both previously unexplored small intertidal cord grass, 
Spartina maritima, and the common reed, Phragmites australis. The diet varied among 
habitats, estuaries and fish sizes (30-140 mm) and data consistently confirmed their 
omnivorous diet relating to ontogenetic niche shifts. Stomach contents revealed the importance 
of benthic prey within both the S. maritima and P. australis habitats in the absence of large 
intertidal vegetation, available during low tides. Similarly, isotopic mixing models showed that 
R. holubi from these habitats have a greater isotopic niche compared to the Z. capensis habitat, 
due to their limited availability during the falling tide, suggesting migration between available 
habitats. Stable isotopes confirmed that R. holubi actively feeds on the epiphytic algae 
(especially diatoms) covering the leaves and stalks of plant matter, as supported by Bayesian 
mixing models. These findings add to the current knowledge regarding habitat partitioning in 
multiple aquatic vegetation types critical to fish ecology and the effective management and 
conservation of estuaries. 
Keywords: Stomach contents; stable isotopes; SIAR; Bayesian mixing model; Ichthyofauna; 
nursery grounds   
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1. Introduction 
Estuaries are among the most productive ecosystems worldwide, as they provide important 
refuge and feeding areas for the juveniles of many species (Boehlert & Mundy, 1988; Potter et 
al., 1997; Van Niekerk & Turpie, 2012; Vasconcelos et al., 2015). They are characterized by 
various types of submerged aquatic and emergent vegetation that significantly adds to their 
nursery value, due to their structural complexity, which creates, not only shelter from predation, 
but also serves as rich feeding ground for juvenile fishes (Marais, 1988; Rozas & Odum, 1988; 
Beck et al., 2001; Henninger et al., 2009; Sheppard, 2010; Vasconcelos et al., 2011). Whilst 
ichthyofaunal associations with emergent and submerged macrophytes have been well studied 
in estuaries, there is less knowledge regarding the value of these different habitats as nurseries 
and their significance for juvenile fishes associated with estuaries (Edworthy & Strydom, 2016; 
Whitfield, 2017). The distribution of juvenile fishes is determined by a complex series of 
responses due to the physical and biological characteristics of the environment, allowing them 
to select those habitats, which allow higher survival and growth (Gibson, 2003; Valiñas et al., 
2011). Similarly, the switch to piscivory seen in some species is also related to the relative size 
of the predators and their potential prey, allowing them to select those prey that would result 
in a quicker growth rate during a shorter time span (Grant, 2007; França et al., 2011, Nunn et 
al., 2012). These ontogenetic niche shifts enable species to maximize their usage of available 
estuarine habitats and therefore influence their distribution within the system (Grant, 2007). 
The Cape stumpnose (Rhabdosargus holubi) is endemic to South African estuaries and most 
abundant in the estuaries of the Eastern Cape Province (Smith & Heemstra, 1986; Whitfield, 
1998). These marine estuarine-dependent species migrate into estuaries as late stage larvae and 
juveniles during spring and early summer where they spend at least the first year of their life 
growing to about 150 mm before leaving the estuary for maturation and spawning at sea 
(Wallace et al., 1984; Blaber, 1973; de Wet & Marais, 1990; Whitfield, 1998). From 
experimental studies, it has been shown that the juveniles of R. holubi possess a highly 
developed osmoregulatory capacity, thereby allowing them to occupy areas with wide-ranging 
salinities and temperatures (Blaber, 1973). The feeding habits of R. holubi noticeably change 
as they grow, with larvae feeding exclusively on zooplankton whereas juveniles mainly 
consume filamentous algae and aquatic macrophytes, together with associated epiphytes and 
epifauna (Blaber, 1973; de Wet & Marais, 1990; Carassou et al., 2016). Maturing juveniles 
undergo dentition changes from their former sharp tricuspid incisors on both jaws to the 
characteristic molariform teeth that assist with the consumption of echinoderms, crustaceans, 
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molluscs and polychaetes by adults (Buxton & Kok, 1983; Carassou et al., 2016). As a species, 
R. holubi is able to withstand relatively wide physico-chemical changes and is able to adapt to 
slow-changing environmental conditions, or simply move into better-suited areas. Although 
changing environmental conditions do not necessarily influence fish at first, they may influence 
the food availability that originates from lower trophic levels (Hays et al., 2005; Brierley & 
Kingsford, 2009). Furthermore, this species forms an important prey item for a number of 
estuarine piscivores, such as the marine estuarine-dependent fish Lichia amia and marine birds 
such as cormorants and herons (Sheppard et al., 2012). 
To date our current knowledge regarding the diet of R. holubi has relied much on conventional 
methods, such as stomach content analyses (Blaber, 1973; Whitfield, 1984; de Wet & Marais, 
1990), with only recent studies incorporating the use of stable isotope analyses (Paterson & 
Whitfield, 1997; Sheppard et al., 2012; Carassou et al., 2016). Stable isotopes are increasingly 
being used to provide quantitative information on both the resource and habitat use of fishes. 
Through consumption, these "signatures" (δ15N and δ13C) are incorporated into their tissue 
thereby allowing the identification of specific ecological niche spaces (Newsome et al., 2007). 
Stomach content analysis, unlike stable isotopes, provides only a recent snapshot of their prey 
items consumed at time of collection and includes the disadvantage of not identifying highly 
digestible material (Pinnegar & Polunin, 1999; Kadye & Booth, 2011; Bosley et al., 2014). 
It is important to understand the food web structure of ecosystems, since this knowledge 
improves our understanding of the fundamental processes responsible for the structure of all 
ecological systems (Lee et al., 2011). There is also a great need to understand the interactions 
between estuarine fauna and the habitats they utilize throughout their lifetime, as this is critical 
to the implementation of appropriate management, conservation and restoration efforts 
(Hobson, 1999; Adams & Paperno, 2012). Therefore, this study aims to describe and analyse 
the ecological feeding niches along with size-related variability in the diet of R. holubi across 
three vegetated sites (with predominance of Zostera capensis, and previously unexplored 
Phragmites australis and Spartina maritima, respectively) from selected temperate estuaries, 
using combined stomach contents and stable isotope analysis. It was hypothesized that this 
species makes use of these complex habitat areas for feeding during flooding tides but 
undergoes a diet shift when these habitats provide grazing difficulty due to exposure (i.e. low 
tides). An alternative hypothesis is that there would also be a shift in trophic complexity as 
individuals grow in size.      
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2. Methods and materials 
2.1. Study site 
Five permanently open estuaries were selected on the warm temperate, southeast coast of South 
Africa. These include the freshwater-deprived Kromme (34°8'32.15" S; 24°50'37.30" E) and 
Kariega (33°40'57.16"S; 26°41'9.81" E), the freshwater-rich Gamtoos (33°58'8.42"S; 
25°2'21.48" E) and Sundays (33°43'15.23"S; 25°51'9.63" E) and the moderately regulated 
Swartkops (33°51'53.99" S; 25°37'55.48" E) (Figure 1). Sites within each estuary were selected 
based on the occurrence and density of vegetation types. The Swartkops and Kromme estuaries 
contain three vegetation types, namely submerged seagrass Zostera capensis, the small 
intertidal cord grass, Spartina maritima that grows in the lower intertidal zone of the salt marsh 
and the common reed, Phragmites australis, found growing near freshwater sources. The 
Kariega and Gamtoos estuaries each contain two vegetation types, with Z. capensis and S. 
maritima abundant in the lower reaches of the former and P. australis and S. maritima in the 
latter system. The Sundays Estuary has dense stands of P. australis in the middle upper reaches 
where water column salinity is consistently less than 15. 
2.2. Field sampling  
Juveniles of R. holubi were collected during the summer period of 2016 in each estuary at the 
respective vegetated sites. Fish were collected by means of a 30 x 1.5 m seine net (12 mm 
mesh) deployed from a motorized boat. Sites were selected where vegetation was most 
abundant and the majority of juveniles were presumed to be located. At each vegetation site, 
30 individuals of R. holubi were randomly selected and immediately placed in a large volume 
of crushed ice until they could be frozen in the lab. A single or often multiple seine hauls 
needed to be conducted in order to collect the amount of individuals needed. The seine net was 
manually operated by two to three people in a semi-circle over the selected habitat area and 
pulled perpendicular to the shoreline. All fish that were not R. holubi were returned as soon as 
possible to the estuary, thereby limiting unnecessary fish deaths. 
2.3. Stomach content analyses 
In the laboratory, the standard length and weight of all specimens were recorded. The removal 
of stomachs followed the stable isotope analyses by carefully removing them and fixing them 
in a 10% formalin solution for later processing. Stomach contents were processed according to 
recommendations included in Hyslop (1980). First, stomach fullness was recorded as empty, 
25%, 50%, 75% and 100% full, after which guts were opened and emptied into a glass petri 
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Figure 1: Geographic distribution of selected estuaries showing the location of selected vegetated sampling sites used to assess 
the feeding ecology of Rhabdosargus holubi (November 2015 – January 2016). 
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dish and placed under a stereoscopic microscope for further examination. Since the majority of 
the contents consisted of assorted vegetation matter that could often not be separated, 
percentages were assigned accordingly and all smaller invertebrates were sorted and counted 
when present. All prey items were sorted according to taxonomic group and identified to family 
and species level, where possible. An indirect volumetric assessment of larger food items was 
obtained by spreading contents onto a grid-assorted tray marked with 3.5 x 3.5 mm and 5 mm 
depth, with smaller contents, sorted accordingly, measured on a similar tray marked with 1 x 2 
mm and 1 mm depth. The importance of individual food items was calculated using the 
recommendations of Hyslop (1980), as the percentage frequency of occurrence (%F) and the 
volume of consumed items expressed as a percentage of the total volume of stomach contents 
(%V). The numerical occurrence of prey items could not be determined since assorted 
vegetation made up the majority of the stomach contents and was not suitable for this method. 
Also small food items such as copepods were already far too macerated, and as such, they were 
calculated as a percentage of the total volume (Hyslop, 1980). 
2.4. Stable isotope analysis 
For stable isotope analyses, tissue was excised from the dorsal muscle, to exclude any lipid 
content that may potentially affect the isotopic signatures, and dried in an oven at 60°C before 
being crushed into a fine powder. Plant matter was collected in triplicate at each site and frozen 
before being processed. Due to alternative gear selection for the collection of zoobenthos and 
zooplankton, potential prey species proved to have been greatly undersampled and the outputs 
from mixing models delivered uncertain variation and no feasible solutions (Parnell et al., 
2010). Therefore, they were removed from further analysis. Vegetation from all sites was 
rinsed with distilled water to remove any sediment before being dried and crushed into a fine 
powder. Epiphytes on the leave blades of Z. capensis were used collectively whereas the 
epiphytic algae from both S. maritima and P. australis were separated from the stems. Samples 
crushed into a fine powder were weighed into 5 x 8 mm tin capsules to an accuracy of 1 
microgram on a Sartorius MP2 microbalance. Samples for particulate organic matter (POM) 
and microphytobenthos (MPB) were also collected in triplicate at the same time during a 
concurrent study. Detailed methods can be found in Lemley et al., (2017). Water samples for 
POM were gravity filtered through glass-fibre filters (Whatman© GF/C). Sediment samples for 
MPB were collected using a Perspex twin-corer of 20 mm internal diameter, frozen and freeze-
dried in a Secfroid Lausanne Suisse freeze-drier overnight (ca. 12 h). Thereafter, filtered in situ 
water (i.e. from site where collected) was used to resuspend MPB communities and allowed to 
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settle for 2 minutes before collecting the supernatant on glass-fibre filters (Whatman© GF/C). 
Filters containing POM and MPB were acid-treated with 2% HCl to remove any inorganic 
carbon in the form of calcium carbonate (CaCO3) that may have been present. Filters were then 
dried and placed in aluminium foil envelopes. Where vegetation habitats were in close 
proximity to each other, such as in the Kromme, Kariega and Swartkops, collective 
measurements were taken for both microphytobenthos (MPB) and particulate organic matter 
(POM). Preparation errors during acid-treatment of filters from stable isotope samples were 
encountered for the MPB and POM in the Swartkops lower vegetation sites and therefore they 
were not used for further analysis (Table 2). All samples were analysed at the Environmental 
Isotope Laboratory of the iThemba Laboratories in South Africa. Samples were run into a 
continuous flow isotope ratio mass spectrometer (DeltaV IRMS coupled with a Flash1200 
elemental analyser via a Conflo IV gas control unit, Thermo Scientific, Bremen, Germany). 
All stable isotope signatures are expressed using the standard delta (δ) notation as per mil (‰) 
defined by the equation δ13C or δ15N (‰) = [(Rsample/Rstandard) – 1] x 1000, where Rsample is the 
13C/12C or 15N/14N ratio of the sample and Rstandard is the ratio of appropriate standard (Vienna 
Pee Dee Belemnite for carbon and atmospheric N2 for nitrogen). Precision of analyses for both 
elements was ± 0.1 ‰.  
2.4.1. Data analyses  
Stable isotope ratios were used to assess differences in the trophic interactions of R. holubi 
captured in three separate vegetated habitats by assessing the location width of their isotopic 
niches. Preliminary analyses by means of a non-metric multi-dimensional scaling (N-MDS) 
indicated that the δ13C and δ15N signatures of R. holubi showed distinctive separation of 
habitats, although some overlap did occur between the S. maritima and Z. capensis habitats. 
Variations in food source origin and fish trophic level as a function of ontogeny were tested by 
means of linear regression between fish size class and δ13C and δ15N, to determine the effect 
of size on isotopic niche space. Mean and standard deviations (SD) of δ13C and δ15N measured 
in fish and respective food sources were calculated for each habitat and estuary. Trophic 
enrichment factors (TEF) were based on available literature reporting that consumers’ δ15N 
levels are enriched by 3.4‰ (SD 0.2) and δ13C levels by 1‰ (SD 0.5) due to metabolic 
processes such as respiration (Minagawa & Wada, 1984; Vander Zanden & Rasmussen, 2001; 
Vanderklift & Ponsard, 2003). The trophic positions of all target species were calculated using 
the equation of Post (2002). Mixed models SIAR (Stable Isotope Analysis in R package) were 
used to determine the likely contribution of each potential food item to fish diet.  
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2.4.2. Isotopic niche analyses 
To compare the isotopic niche widths of R. holubi, multivariate ellipse-based metrics were 
constructed following methods reported in Jackson et al., (2011). These metrics allow for more 
direct comparisons of isotopic niches across communities with ellipses being unbiased towards 
sample size and their estimation via Bayesian inference allowing for more robust comparisons 
to be made. The Standard Ellipse Area (SEA) is used to describe the niche width for both single 
species as well as the entire community and the corrected estimate (SEAc) is a robust metric 
towards varying sample sizes and not heavily influenced by outliers (Jackson et al., 2011). 
Community-wide isotopic metrics that reflect the important trophic structures were also 
calculated, based on the methods described in Layman et al., (2007). These included convex 
hull area (TA), mean nearest neighbour distance (MNND) and mean distance to centroid (CD). 
All metrics were determined using the SIAR package and Stable Isotope Bayesian Ellipses in 
R (SIBER) for all multivariate ellipse-based metrics (Jackson et al., 2011). All statistical 
analysis was performed using R version 3.2.5 (The R foundation for Statistical Computing) 
with significance for statistical test set to α = 0.05. 
2.5. Statistical analysis 
Data were tested for normality using the Shapiro-Wilks test and visual normal probability plots, 
while homogeneity of variance was tested using Levene’s tests. As observations indicated that 
data were not normally distributed, appropriate square root and log transformations were 
applied. Consequently, data did not conform to parametric assumptions, therefore only non-
parametric tests were used. A Mann-Whitney sample two test was used to determine 
differences between habitats for both the fish length and stomach fullness. Furthermore, 
analyses of contributions of dissimilarity (SIMPER) were applied to the stomach content data 
of R. holubi, thereby identifying the prey items responsible for at least 10% of the observed 
significant differences. SIMPER analyses were based on the Bray-Curtis distance and all data 
were first square-root-transformed to balance the weighting of dominant versus rarer preys in 
the data set. A significance level of P < 0.05 was used for all statistical analysis. SIMPER and 
nMDS operations were performed using PRIMER & 246 PERMANOVA add-on (Versions 
6.1.13 and 1.0.3). 
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3. Results 
A total of 330 fish were collected from five temperate estuaries and their respective vegetated 
habitats. Results from the Mann-Whitney test indicated that there were significant differences 
in the lengths of fish among the habitats, for Z. capensis vs S. maritima (P < 0.0001), Z. 
capensis vs P. australis P = 0.0003) and S. maritima vs P. australis (P = 0.0001). The highest 
mean average lengths were recorded in S. maritima (~84 mm), followed by P. australis (~70 
mm) and Z. capensis (~58 mm) and size class 41 – 80 mm showed the highest abundance of 
individuals (Figure 2).  
 
3.1. Stomach contents  
Among the 330 individuals dissected for stomach contents, 13 (4%) had empty stomachs. 
Significant differences in stomach fullness were also found for Z. capensis vs S. maritima (P 
≤ 0.001) and for Z. capensis vs P. australis (P < 0.0001), but not for S. maritima vs P. australis 
(P = 0.99) (Figure 3). A total of 21 food types were recorded in the remaining 309 stomachs, 
with filamentous algae (75%), unidentified algae (56%) and leaves of Z. capensis (25%) being 
the most abundant in all habitat types (Table 1). Based on the frequency of occurrence (%F) 
and the volume of consumed items (%V), it was clear that epiphytic algae were most frequent 
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Figure 2: Length distribution of Rhabdosargus holubi individuals according to each 
vegetation type from five temperate estuaries (November 2015 - January 2016). 
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in all stomachs at all habitat types and also contributed the most in terms of volume, including 
all size classes. Cyanobacteria were also frequently found in all habitat types, but never 
contributed more than 10% to the total volume, except in P. australis (11%). The unidentified 
filamentous algae were also frequently found in all vegetation types and more prevalent in 
individuals associated with Z. capensis, S. maritima and those smaller than 80 mm. Food items 
identified under the class Crustacea were the second most abundant food category after plant 
matter. The amphipod, Monocorophium acherusicum, although limited in terms of the total 
volume, was most frequent in those individuals occupying P. australis (25%) and individuals 
greater than 80 mm (24%). This was followed by the crown crab (Hymensoma orbiculare), 
comprising < 2% of total volume, generally found in stomachs of individuals from S. maritima 
(14%) beds and larger fish individuals (23%). The mud prawn (Upogebia africana) contributed 
approximately 6% of the total volume and frequently found in those individuals from the S. 
maritima habitat and stomachs of larger individuals (12%). Bivalves were the next most 
frequent food item, but it was presumed that the contribution of this food type was due to their 
occurrence on the epiphytic algae found on the leaves of Z. capensis, or from benthic feeding.  
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Figure 3: Stomach fullness of Rhabdosargus holubi according to each vegetation type 
from five temperate estuaries (November 2015 – January 2016).  
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3.2. Stable isotopes 
The δ15N values of R. holubi were found to have an increased gradient along fish size for all 
estuaries (Table 2). Significant correlations were seen for the Kromme (R2 = 0.16, P = 0.0001), 
Swartkops (R2 = 0.05, P = 0.03), Kariega (R2 = 0.19, P = 0.004) and Gamtoos (R2 = 0.21, P = 
0.0002). The Sundays Estuary showed no significance for δ15N. No significant correlations 
were found for the δ13C values in any of the estuaries, except the Gamtoos (R2 = 0.14, P = 
Table 1: Frequency of occurrence (%F) and volume of consumed items (%V) in the diet of Rhabdosargus 
holubi among three vegetated habitats and between two size classes during the summer recruitment period 
in five temperate estuaries (November 2015 – January 2016). 
 
Phragmites 
australis 
Zostera 
capensis 
Spartina 
maritima 
35-80mm 81-140mm 
 %F %V %F %V %F %V %F %V %F %V 
Annelida           
Polychaeta           
Notomastus latericeus 1.67 0.09 - - - - - - 2.15 0.09 
Chlorophyta           
Ulva spp. 1.67 0.07 16.09 0.8 6.36 0.48 9.38 0.08 2.15 0.04 
Crustacea           
Amphipoda           
Monocorophium acherusicum 25 0.5 11.49 0.08 3.63 0.05 9.82 0.01 23.66 0.27 
Stomapoda           
Gastrosaccus psammodytes 1.67 0.08 1.15 0.002 1.82 0.04 1.34 0.002 2.15 0.05 
Thalassinidae           
Upogebia africana 0.83 0.2 1.15 0.37 10.91 6.32 1.34 0.02 11.83 5.86 
Brachyura           
Hymenosoma orbiculare 9.17 1.9 - - 13.63 1.37 2.23 0.04 22.58 1.91 
Insecta           
Coleoplera spp. 5 0.49 1.15 0.01 1.82 0.06 2.23 0.02 4.3 0.09 
Mollusca           
Bivalvia           
Arcuatula capensis 5 0.5 - - - - 2.23 0.02 1.08 0.03 
Loripes clausus 12.5 1.7   17.27 1.65 10.27 0.16 11.83 0.62 
Gastropoda           
Littorinidae 3.33 0.24 4.59 3.52 13.64 5.02 1.34 0.01 21.51 6.01 
Algae           
Epiphytic algae 95.83 57.12 60.92 24.51 72.73 28.62 79.02 3.96 76.3 29 
Zostera leaves 8.33 5.84 43.67 40.55 31.82 21.27 27.68 1.73 22.6 30.3 
Cyanobacteria 98.33 11.42 90.8 8.89 76.36 6.64 93.75 1.79 76.34 7.42 
Unid algae spp. 40 6.74 79.31 19.53 61.82 19.04 72.77 2.38 23.66 6.72 
Other           
Unid Veg type 1 46.67 12.32 - - 22.73 5.14 13.39 0.25 54.84 8.83 
Unid Veg type 2 - - 1.15 19.53 1.82 1.2 1.34 0.11 - - 
Sand 1.67 0.08 2.29 1.25 8.18 1.72 0.89 0.03 11.83 2.12 
Unid Gobiidae species 1.67 0.08 1.15 0.02 0.91 0.03 0.89 0.01 2.15 0.05 
Unid Crustacea 3.33 0.35 2.29 0.12 6.36 0.46 2.68 0.02 7.53 0.5 
Eggs sp1 - - 1.15 0.16 - - 0.45 0.01 - - 
Eggs sp2 - - - - 6.36 0.88 3.13 0.06 - - 
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0.003). Results of the Mann-Whitney test indicated that there were significant differences (P < 
0.00001) in the δ15N and δ13C signature values of R. holubi among all habitat types except for 
δ13C in Z. capensis. Similarly, significant results were found for the signature values of R. 
holubi within individual estuaries except for δ15N in the Kromme. Results for the Swartkops 
Estuary also showed that the δ15N and δ13C signatures of R. holubi from P. australis (± 10 km 
above lowest site) were significantly depleted. Similar analyses were performed for S. maritima 
to assess the differences between the leaves and epiphytic algae growing on the stalk, here 
significant differences were found for all δ13C values (P < 0.001).  
The SIAR mixing model (Figure 4) resolved proportions of different food sources in the diet 
of R. holubi. Proportions were determined for the microphytobenthos (MPB), particulate 
organic matter (POM), epiphytic algae and the leaves of both Z. capensis and S. maritima. In 
general, MPB and POM showed lower proportions in all estuaries (~ <20%) except the 
Kromme, where Zostera leaves contributed nearly 50% of the diet of R. holubi, whereas 
epiphytic algae from both S. maritima and P. australis made up ~25%. Individuals from 
Swartkops showed similar contributions of plant matter, which collectively made up to 40% of 
their diets. The Sundays only had the P. australis habitat and its epiphytic algae made the 
largest contribution to fish diet. Kariega's vegetation sources showed that epiphytic algae from 
S. maritima made the highest contribution followed by the leaves of both S. maritima and Z. 
(~40%). In the Gamtoos, epiphytic algae had the highest contributions both in the P. australis 
(~70%) and the S. maritima (~45%) habitats, followed by the leaves of S. maritima. 
3.3. Isotopic niche 
Mean estimates for the standard ellipse area (SEAb) indicated that estuaries where habitats are 
closer in range had smaller niche areas compared to those where habitats are spread across a 
few kilometres like in the Gamtoos and the Swartkops (Figure 5 and Table 3). This was also 
indicated by the carbon range (CR). The SEA for communities (estuaries) and groups (habitat) 
showed that groups associated with S. maritima were generally greater. The P. australis group 
from Kromme was removed as their isotopic niche was clustered within Z. capensis and S. 
maritima and made further interpretation difficult. Communities and groups are categorized 
according to each isotopic niche and groups are further categorized as Z. capensis (Zc), S. 
maritima (Sm2) and P. australis (Pa). 
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Table 2: Mean (± SD) δ15N and δ13C signatures of R. holubi and their possible food sources from five temperate estuaries (November 2015 – January 
2016). MPB = microphytobenthos, POM = particulate organic matter. 
 Kromme Gamtoos Swartkops Sundays Kariega 
 δ13C δ15N δ13C δ15N δ13C δ15N δ13C δ15N δ13C δ15N 
R. holubi           
Z. capensis -14.7 ± 1.6 12.8 ± 0.5   -14.4 ± 1.6 14.5 ± 1.6   -15.7 ± 1.6 12.6 ± 0.3 
S. maritima -13.8 ± 1.8 12.7 ± 1.9 -19.7 ± 3.5 15.3 ± 1.8 -16.4 ± 3.4 15.7 ± 3.3   -17.4 ± 1.4 13.2 ±0.9 
P. australis -15.4 ± 1.3 12.5 ±0.4 -22.3 ±1.6 17.4 ±0.4 -24.5 ± 1.4 22.2 ±1.3 -28.1 ±0.6 19.1 ± 0.4   
           
MPB -19.6 ± 1.4 6.9 ± 1.1       -21 ± 0.8 4.9 ± 0.15 
S. maritima   -23 ±0.5 8.3 ± 1.6       
P. australis   -24.2 ± 0.6 4.9 ± 2.3 -23.3 ± 1.7 7.8 ± 3 -22.8 ± 0.6 5.9 ± 0.8   
           
POM -20.2 ± 0.5 8.9 ± 0.8       -21.2 ±0.8 5.4 ± 0.6 
S. maritima   -25.8 ± 0.5 7.4 ±1.6       
P. australis   -27.4 ± 1.1 7 ± 3.2 -23.5 ±1.7 8 ± 3 -32.5 ± 0.5 10.6 ± 2.6   
           
Epiphytic algae          
S. maritima -14.4 ± 0.2 11.4 ± 0.6 -16 ±0.2 11.9 ± 0.8 -21.5 ± 0.3 15.4 ± 0.8   -18.2 ± 0.4 -10.4 ± 0.7 
P. australis -17.6 ± 0.7 9.6 ± 0.2 -25.2 ± 0.1 10.6 ± 1.4 -24.5 ± 0.1 17.4 ± 0.3 -29.4 ± 0.2 15.8 ± 0.3   
           
Leaves           
Z. capensis -12 ± 0.1 9.6 ± 0.1   -14.7 ± 0.8 12.6 ±0.3   -12.7 ±0.3 8.1 ± 0.3 
S. maritima -13.5 ± 0.1 12.2 ± 0.6 -13.3 ± 0.1 11.6 ± 0.3 -13.7 ± 0.04 14.5 ± 0.4   -14.1 ± 0.02 9.1 ± 0.5 
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Figure 4: Stable isotope analysis in R (SIAR) box plots showing the proportion of food items comprising diets 
of R. holubi in five temperate estuaries (November 2015 – January 2016). Percentage proportions with 95%, 
75% and 25% credibility interval levels. MPB = microphytobenthos, POM = particulate organic matter, Pa = 
Phragmites australis, Sm = Spartina maritima. 
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4. Discussion 
The marine estuarine-dependent species, R. holubi is one of the most abundant species found 
within Eastern Cape estuaries and have a great dependency on the nursery areas and structured 
sheltered environments provided by these systems. Their feeding behaviour displayed during 
this study highlights their habitat plasticity and resilience among these varying systems. 
Understanding the feeding ecology and food habits of estuarine fishes is fundamental for 
explaining the role that fish play within their ecosystems, as they indicate relationships based 
on feeding resources (Ramírez-Luna et al., 2008). Although various methods exist for 
discussing stomach contents, they all rely on the same definition of “important items in the 
diet” (Hyslop, 1980). During this study, it was shown that R. holubi maintained an herbivorous 
diet largely comprised of a mixture of epiphytic algae and aquatic macrophytes. This has also 
been found in previous studies that examined the feeding habits of R. holubi (Blaber, 1973; 
Buxton & Kok, 1983; Paterson & Whitfield, 1997; Sheppard et al., 2012; Carassou et al., 2016). 
Since R. holubi lacks the enzyme cellulase, which helps with the digestion of plant tissue, 
Figure 5: Isotopic niches of Rhabdosargus holubi from Z. capensis, S. maritima and P. australis in five 
temperate estuaries represented by standard ellipse areas (SEAc; 40%). 
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plant materials are excreted in an undigested state whilst the epiphytic diatoms and invertebrate 
occurring on the macrophytes are chemically digested in the stomach (Blaber, 1973). 
Additionally, the diet of larger individuals had a greater component of invertebrates, which 
proves their omnivorous diet related to ontogenetic niche shifts (Carassou et al., 2016). Diets 
of R. holubi were very similar across estuaries within each habitat, with a greater assimilation 
of invertebrates in both previous unexplored P. australis reeds and S. maritima beds and it is 
suggested that when these aquatic macrophytes are inaccessible during low tide, fish shifts 
towards a more carnivorous diet (Buxton & Kok, 1983; Sheppard et al., 2012). Buxton and 
Kok (1983) suggested that intraspecific competition for food will mainly be reduced, due to 
resource partitioning between adults and juveniles and from this study, it was clear that the 
larger individuals were mainly occupying additional habitat types. Carassou et al., (2016) also 
Table 3:  Summary of isotopic niche metrics of Rhabdosargus holubi sampled across community 
(estuary) and group (habitat: Zc = Zostera capensis, Sm = Spartina maritima, Pa = Phragmites 
australis). δ13C (CR) giving an estimate of the basal resources; total area of convex hull (TA), 
encompassing data giving an indication of niche width; mean distance to centroid (CD), providing 
information on niche width and individual spacing; mean nearest neighbour distance (MNND), 
providing information on density and clustering; standard ellipse area (SEA), describing the niche 
width for both single and entire communities; and core isotopic niche width, represented by the 
Bayesian estimate of the standard ellipse area (SEAb). 
Community & 
Group 
TA SEA SEAb CR NR CD MNND 
Kromme         0   0.86 0.08 0.43 0.86 
Zc 7.67 2.59 2.67 (2.69 - 2.72)     
Sm 22.91 8.55 9.04 (8.95 - 9.06)     
Swartkops      1.4   10.11 7.73 5.14 5.02 
Zc 16.65 4.35 4.85 (4.82 - 4.88)     
Sm 48.96 16.97 19.37 (19.23 - 19.46)     
Pa 14.86 4.43 4.66 (4.61 - 4.66)     
Sundays         0   N.A N.A N.A N.A 
Pa 2.7 0.76 0.8 (0.79 - 0.8)     
Kariega           0   1.76 0.57 0.92 1.85 
Zc 6.95 1.64 1.69 (1.68 - 1.7)     
Sm 16.48 3.66 3.79 (3.79 - 3.8)     
Gamtoos           2.69 2.09 1.7 3.41 
Sm 46.32 13.89 20.16 (20.05 - 20.29)     
Pa 6.43 1.89 1.44 (1.43 - 1.45)     
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found large dietary contributions by insects in R. holubi collected from freshwater habitats, 
thereby signifying lateral energy transfer from terrestrial to coastal marine habitats.  
As feeding only occurs during daytime, it is suggested that visual stimuli may be important in 
the selection of food (Blaber, 1973). Although the importance of intertidal habitats as sheltered 
environments has received considerable attention, the feeding habits of estuarine fishes such 
as R. holubi remains understudied. The importance of macrophytes as a food source for 
estuarine ichthyofauna in South Africa has received very limited attention (Paterson & 
Whitfield, 1997), with P. australis reeds being ignored completely. The degree to which 
individual taxa utilize these habitats depends on their life history traits and specific habitat use 
and as such would reflect their diets (Litvin & Weinstein, 2003; Carassou et al., 2016). Of the 
aquatic macrophytes investigated in this study, Z. capensis occurred most frequently in the 
stomachs and was often found in individuals from neighbouring habitats. This was also seen in 
individuals collected from the S. maritima habitat in the Gamtoos Estuary, where a very small 
patch of Z. capensis (<2 m diameter) in the lower regions contributed significantly to their diet. 
This adds to their feeding area plasticity across habitats where fishes are able to change their 
diet according to resource availability (de Wet & Marais, 1990; Pasquaud et al., 2008). As 
previously suggested by Carassou et al., (2016), R. holubi seems to show a high degree of 
residency upon entering estuaries as postflexion larvae and early juveniles from the sea, 
indicating ontogenetic movements between riverine, estuarine and marine habitats. Not only 
does this indicate that this species exhibits residency within the estuary as a whole, it also 
appears to be resident to neighbouring areas during the juvenile phase despite variations in 
refuge and food availability. Unlike the intertidal macrophytes, P. australis and S. maritima, 
Z. capensis is a tidally inundated macrophyte providing optimized feeding grounds when others 
are not accessible during the lower tides (Adams et al., 1999; Adams, 2016). Larger individuals 
of R. holubi, where Z. capensis proved absent, were feeding on a greater variety of invertebrates 
whereas smaller individuals seemed to be benefitting from microphytobenthos (MPB), 
particulate organic materials (POM), insects and copepods during benthic feeding. Estuarine 
organic matter consists of a wide range of dissolved, colloidal and particulate material that has 
been introduced into the systems from a variety of sources. These sources include 
allochthonous (terrestrial and marine) components that get mixed with the autochthonous 
biomass, the latter derived from planktonic and benthic primary production with the addition 
of subsidiary inputs from marginal vegetation and anthropogenic sources. The importance of 
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these sources varies between and within estuaries (Thornton & McManus, 1993; Schlacher & 
Wooldridge, 1996; Bouillon et al., 2011). 
Stable isotope analyses provide useful information on the origins and pathways of organic 
matter where δ13C values substantially varies among the primary producers and δ15N values 
exhibit stepwise enrichment with trophic transfers, thereby indicating the trophic position of 
organisms (Froneman, 2002; Layman et al., 2007; Syäranta et al., 2013). With the use of 
isotopic mixing models, data can be transformed to be displayed into what ecologists refer to 
as an isotopic niche (in δ-space) by using δ13C and δ15N values as coordinates. These isotopic 
niches present a powerful way of investigating ecological niches, as they provide information 
on an animal's chemical composition influenced directly by what it consumes as well as the 
habitat it occupies (Layman et al., 2007; Newsome et al., 2007). By using stable isotopes, the 
movement of fishes in estuarine systems can be determined, should the isotopic composition 
be distinctly different to that of its previous habitat (Herzka, 2005; Bouillon et al., 2011). Due 
to photosynthetic differences, aquatic plants have been found to show greatly varying stable 
isotope signatures, even more than terrestrial plants (France, 1995; Bouillon et al., 2011). 
Significant isotopic differences found between epiphytic algae and intertidal macrophyte 
leaves showed that the epiphytic algae growing on the stalks of S. maritima and P. australis 
were a much more valuable food item compared to the plant itself (Paterson & Whitfield, 1997; 
Bouillon et al., 2011). Enriched nitrogen signatures, typically seen in the P. australis habitat, 
are the result of increased freshwater input, similarly seen in both the Sundays and Gamtoos 
estuaries. These systems are known to receive continuous freshwater discharges, in the form 
of agricultural inputs with high amounts of nutrients (Adams et al., 1999; Flindt et al., 1999; 
Cole et al., 2004; Bouillon et al., 2011; Lemley et al., 2017b).  
The use of Bayesian mixing models for estimating the proportional contribution of different 
items to a consumer’s diet relies on many assumptions, some influencing the interpretation of 
the model as SIAR will always attempt to fit a model even if the sources lie outside the isotopic 
mixing polygon (Parnell et al., 2010). In the present study, the diet of R. holubi showed that 
epiphytic algae were the most important food item, due to their high proportions in the majority 
of stomachs. This is consistent with findings obtained by Carassou et al., (2016), where 
seasonal variation indicated that aquatic macrophytes were more frequently consumed during 
the spring/summer and their dominance in the diet was parallel to the abundance of this food 
source during ebb and flood tides. In the Kromme Estuary, where the different habitats were 
no further than 30 m apart leaves from Z. capensis and microphytobenthos (MPB) showed the 
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highest diet representation. Zostera capensis was the most abundant macrophyte in the 
surrounding area and it was presumed that R. holubi would actively feed on the Zostera beds 
while only selectively feeding on epiphytic algae, when intertidal macrophytes are fully 
inundated. Due to this tidal dependence, R. holubi showed a greater isotopic niche δ-space in 
the presence of S. maritima across all estuaries, which adds to the importance of these habitats 
for estuarine dependent species. In the Swartkops, fish exhibited similar proportions in their 
diet, but overlapping isotopic signatures between leaves and epiphytic algae may have resulted 
in some estimation error. Dietary proportions for the Kariega showed that epiphytic algae on 
S. maritima, including their leaves, had the highest proportion in their diet, suggesting that R. 
holubi is actively using salt marshes for feeding during flood tide. Intertidal salt marshes are 
considered important feeding and refuge sites for a number of fish (Beck et al., 2001; Paterson 
& Whitfield, 2003; Green et al., 2012). Fish migrate into these habitats at flood tide and return 
to adjacent mudflats on the receding tide (Cattrtijsse & Hampel, 2006). As such, intertidal 
abundance correlates to some extent with patterns in feeding, although this might also be 
related to environmental conditions (Krumme et al., 2008). With the lack of additional 
vegetation habitats in the Sundays Estuary, epiphytic algae from P. australis showed the 
greatest proportion, whereas copepods and benthic bivalves contributed only a small proportion 
of the diet. Individuals from the Gamtoos Estuary, much like those from the Kariega, had a 
great affinity towards intertidal macrophytes with selective benthic feeding on the receding 
tide.  
 
5. Conclusions 
In conclusion, findings from both the stomach contents and stable isotope analyses highlight 
the advantages of combining dietary approaches in order to address trophic ecology in estuarine 
systems. Based on the stomach contents data, it was clear that there was a much greater 
variation in food items, otherwise excluded from stable isotopes analyses, such as crabs and 
mudprawns. This is relevant to designing sampling strategies to be included in future isotope 
studies. By using stable isotope analyses, smaller sample numbers can be used as information 
provided encompasses food assimilation over longer temporal scales (Post, 2002). With the use 
of Bayesian mixing models, the proportional importance of epiphytic algae on intertidal 
macrophytes was shown to result in greater isotopic niches due to tidal availability. This study 
further adds to the importance of recognizing additional macrophyte habitats as nursery areas 
as not all fishes make equal use of all these habitats (Whitfield, 2017). Various aquatic habitat 
 Chapter 5 
132 
 
types found in estuaries tend to support a distinct suite of species, thereby indicating that some 
species may be habitat specific, should their favoured nursery areas be unavailable or 
inaccessible, juveniles are forced to use whatever habitats are available (Edworthy & Strydom, 
2016; Whitfield, 2017). This range of estuarine habitats, used extensively by both estuarine 
and marine fishes, needs to be assessed in respect to their potential nursery role for specific 
taxa and how this relates to their growth and survival (Beck et al., 2001; Whitfield, 2017). 
Knowledge of fish movement and resource utilization in multiple habitat types is important for 
effective management and conservation as these have extremely high primary and secondary 
productivity (Beck et al., 2001; Gannon et al., 2015). The value of an essential estuarine nursery 
relies on increased submerged aquatic vegetation that provides optimal feeding and refuge 
opportunities whilst supporting a great abundance and diversity of fish and invertebrates (Beck 
et al., 2001; Edworthy & Strydom, 2016). This study has also emphasized the importance of 
considering different intertidal macrophyte habitat types, as important feeding grounds for 
estuarine dependant fishes.  
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CHAPTER 6 
HABITAT PRIORITIZATION OF ESSENTIAL ESTUARINE NURSERY 
HABITATS FOR JUVENILE FISHES IN SELECT WARM TEMPERATE 
ESTUARIES, SOUTH AFRICA 
Summary 
Estuaries are considered one of the most productive habitat types worldwide providing 
significant refuge and feeding areas for juveniles of many marine and estuarine related species. 
Despite their ecological importance, many of these systems are now classified as extensively 
modified and threatened aquatic environments due to human impacts, creating a global concern 
regarding biodiversity protection levels. The health conditions for much of South Africa’s 
permanently open systems are currently classified as ‘fair’ to ‘poor’ and as such is in need of 
suitable conservation and management. This study aimed to establish conservation priorities 
for nursery habitats in selected warm temperate estuaries in South Africa by using targets that 
were set by the current National Biodiversity Assessment. Based on the current stock status 
and percentage of pristine breeding stock, five fish species classified as 
collapsed/overexploited were consistently associated within these systems with an additional 
14 species currently classified as exploited/vulnerable. Based on current species richness and 
diversity, available habitat cover and knowledge regarding important recreational linefish 
species, priority areas requiring some form of legal protection to potentially meet these 
biodiversity targets, could be identified. These estuaries have all been listed as important 
nursery areas in terms of biodiversity protection and as such, they are recommended systems 
that require some level of protection. By enforcing a strict no-take fishing zone in the lower 
reaches of these estuaries, the stock status of collapsed species could be enhanced and formal 
protection of significant habitats would improve the recruitment and return rate of marine 
associated species.        
Keywords: Conservation; biodiversity, collapsed, management, ichthyofauna, overfishing  
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1. Introduction 
The degradation of coastal ecosystems continues to increase at a rapid rate throughout the 
world, with estuaries being one of the most threatened environments due to anthropogenic 
activities (Edgar et al., 2000; Beck et al., 2001; Barbier et al., 2011). These may include habitat 
degradation, overexploitation due to overfishing, global effects, environmental pollution, 
hydrological abstractions as well as effects of introduced aquatic animals with the former two 
known as the most destructive (Whitfield, 1999). The recent National Biodiversity Assessment 
of 2011 (NBA) and the provisional eco-classification for all South African estuaries found that 
although health conditions for the majority of smaller systems could still be classified as 
"excellent" to "good", the larger, more important nursery systems were generally classified as 
having a "fair" to "poor" quality, indicating a general decline in the health of these larger 
systems (Van Niekerk & Turpie, 2012; Van Niekerk et al., 2015). Due to their larger 
catchments, permanently open estuaries are more vulnerable from direct development. Their 
deterioration due to human activities is severe and increasing and at the risk of irreversible 
change (Barbier et al., 2011; Van Niekerk & Turpie, 2012).  
Fish conservation and management often requires a different approach compared to terrestrial 
animals due to their high mobility and the continuous nature of many aquatic environments 
(Whitfield & Cowley, 2010). Many fishes, especially commercially and recreationally 
important species inhabiting estuarine environments face ongoing threats such as overfishing, 
pollution and the destruction of valuable nursery areas and therefore an urgent need for change 
is required (Bruton, 1995; Whitfield, 1996). Since fishes are less obvious, they are often 
overlooked, as is their global role in ecology (Whitfield & Cowley, 2010). Conservation 
planning is a rapidly evolving field of research where numerous approaches are explored 
around the world by using both systematic conservation approaches and holistic ecological 
goals that can be employed in a region. This research is an essential component regarding any 
conservation exercise and requires sound knowledge on the biology and ecology of threatened 
species, their communities and habitats (Whitfield, 1999; Turpie & Clark, 2007). 
The Integrated Coastal Management Act (Act No. 24 of 2008) now states that all estuaries 
require management plans that should be based on good knowledge of priority habitats for 
fauna and flora (DEA, 2013). The true value of estuarine nurseries for all fish species and the 
ever-increasing pressures on these habitats to satisfy human needs have not been correlated. 
The identification of estuarine protected areas is seen as a mechanism for protecting a 
representative sample of the biodiversity accompanied by a complete range of environmental 
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gradients and habitat types at a reasonable scale in order to maximize the protection of estuarine 
individuals (Banks et al., 2005). Using theories such as the nursery-role concept, researchers 
are better equipped at identifying valued habitats, more specifically those sites within habitats 
that serves as nurseries for species, therefore focussing efforts in conservation, restoration and 
management (Beck et al., 2001). Since estuarine management is rather complex due to their 
exposure to marine, riverine and terrestrial ecosystems they require integrated cross-sectorial 
planning and management that includes both stakeholders and the scientific community (Borja 
et al., 2008; DEA, 2013). This work will serve to address the discrepancy in the availability of 
scientific literature and findings from this study can be used as recommendations for the 
conservation and management of coastal marine linefish in estuarine nurseries. The aim of this 
study was to prioritize crucial nursery habitats within five permanently open estuaries that will 
serve to maximise biodiversity conservation for many marine and estuarine dependent fish 
species by using catch contribution trends in relation to these nursery habitats.  
 
2. Materials and methods 
2.1. Study area  
This study focussed on five permanently open estuaries in the warm temperate region of the 
Eastern Cape Province in South Africa. Permanently open estuaries make up only 12.8% of all 
true estuaries in South Africa and have a permanent connection to the open sea. They are 
characterized by their catchments that are often between 500 and 10 000km2 and it includes a 
moderate tidal prism (1-10 x 106 m3) with a horizontal salinity gradient and vertical salinity 
stratification, ranging between 15 and 40 (Whitfield, 1998). These systems were selected as 
they are regarded as important nursery systems within the Eastern Cape Province (Table 1). 
Estuaries included the freshwater deprived Kromme (34°8'32.15" S; 24°50'37.30" E ) and 
Kariega (33°40'57.16"S; 26°41'9.81" E), the freshwater rich Gamtoos (33°58'8.42"S; 
25°2'21.48" E) and Sundays (33°43'15.23"S; 25°51'9.63" E) and the moderately regulated 
Swartkops (33°51'53.99" S; 25°37'55.48" E) (Figure 1).  
2.2. Data collection 
Multiple datasets were collected during 2014 and 2015 consisting of species richness and 
diversity in order to prioritize crucial nursery habitats of juvenile fishes in permanently open 
estuaries and additionally, assess the historical shifts of recreationally important species 
(Chapter 2), evaluate the available shallow water volume in the lower reaches of these systems  
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as a proxy for the distribution and abundance of juvenile fishes 
(Chapter 3), address fine scale habitat usage between vegetated and unvegetated habitats by 
means of passive river designed gear to include previously unexplored habitats (Chapter 4) and 
explore the feeding ecology of an abundant marine estuarine species in unexplored habitats 
(Chapter 5). The methods of each will be discussed and combined results will be used to 
generate a single map per estuary to indicate priority areas that should be considered for future 
conservation strategies.      
2.2.1. Species richness and diversity 
Fishes were collected once a month, for three consecutive months during the peak recruitment 
period of juvenile marine fishes in the late spring to summer (October-December) of 2014 and 
2015. In each estuary, a single 50 m (2 m deep and 12 mm mesh size) seine net haul was 
completed at six fixed sites approximately 2.5 km apart. Netting was carried out during the day 
and limited to shallow (<1.5 m deep) unobstructed areas with gently sloping banks. Catches 
were expressed as catch per unit effort (CPUE). Each site was classified according to dominant 
habitat type. These were sand habitats, characterized as bare unvegetated areas found in the 
Figure 1: Geographic locations of studied systems on the warm temperate coast of South Africa 
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lower reaches of estuaries and mud habitats, which were categorized as unvegetated mud and 
mud associated with surrounding and abundant vegetation (i.e. Zostera capensis or Phragmites 
australis). Spartina maritima have been excluded from this category as it was generally 
succeeded by Z. capensis. The guild approach (Potter et al., 2015) was used to classify fishes 
comprising of three categories, estuarine, marine and freshwater. The estuarine category was 
further divided into solely estuarine (SE), estuarine migrant (EMi), estuarine & marine (E&M) 
and estuarine & freshwater (EF), the marine category was further divided into marine estuarine 
opportunist (MEO), marine estuarine dependent (MED) and marine straggler (MS) and the 
freshwater category was further divided into freshwater estuarine opportunist (FEO) and 
freshwater straggler (FS).    
 
Table 1: Ecological indicators and the current state of the studied systems according to the 
provisional eco-classification of temperate estuaries (Van Niekerk et al., 2015).  
  Kromme Gamtoos Swartkops Sundays Kariega 
H
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lt
h
 c
o
n
d
it
io
n
 
Present 
ecological state 
Largely 
modified 
Largely 
natural 
Largely 
modified 
Moderately 
modified 
Moderately 
modified 
Biological state Poor Fair Fair Fair Fair 
Physical habitat 
health 
Fair Fair Fair Excellent/Good Good 
Macrophyte 
health 
Poor Fair Fair/Poor Fair Fair 
Fish health Poor Good/Fair Fair Fair Fair 
Water quality 
health 
Excellent Fair Fair Fair Good 
Mouth status Excellent Excellent Excellent Excellent Excellent 
P
re
ss
u
re
s 
Habitat loss High Medium High Medium Medium 
Pollution High Medium High High Low 
Bait collection High High High High High 
Fishing effort 
High (22 
Tons p.a,) 
High (19 
Tons p.a.) 
High (47 
Tons p.a.) 
High (9 Tons 
p.a.) 
Medium (8 
Tons p.a.) 
Protection level None Partly None Partly None 
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, 
2
0
1
6
) 
Intertidal salt 
marsh 
18.1 92.9 165 21.8 12.5 
Supratidal salt 
marsh 
67.2 80.8 5 0 18.5 
Submerged 30.9 5.1 12.5 0 9.8 
Reeds & Sedges 12.9 40.9 4.5 31.5 10.2 
Sand/mud banks 89.7 92.1 177 118.4 5.2 
Channel 189.3 189.3 135 314 27.4 
Total 408.2 501.2 499 485.7 83.6 
 
Shallow water 
area (hectares) 
60 12 110 7 15 
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2.2.2. Shallow water availability 
Shallow water mapping has been completed in the lower reaches of each estuary in 2016 and 
coincided with the new and full moon phases when the tides were at their lowest (~ 0.1 m) and 
highest (~ 2 m). Mapping was done equally on either side of the estuary on the same day for 
both the high and low tide by best remaining at a 70 cm depth by means of a two-man Stealth 
kayak (5 m). The catch per unit effort along with species richness and diversity from the 
previous chapter were used to facilitate this work and was limited to the first two sites in the 
lower reaches.    
2.2.3. Fine scale habitat usage 
Sampling took place within each estuary at each of the available vegetation sites i.e. Z. 
capensis, S. maritima and P. australis during the first quarter of the moon cycle when the 
flooding tide occurred after sunset. On each sampling occasion a two double-winged, six-
hooped fyke nets (1 mm mesh size) were set and anchored in place. At each site, one net was 
placed in the vegetation whilst the other was placed in an adjacent open, unvegetated area. Nets 
were set at low tide and sampling took place for the duration of the flooding tide (± 6 hours), 
thereafter the contents of each fyke net were emptied and fish were identified, measured and 
released alive on site. 
2.2.4. Feeding ecology  
Juveniles of the Cape stumpnose (Rhabdosargus holubi) were collected during the summer 
period of 2016 in each estuary at the respective vegetated sites. Fish were collected by means 
of a 30 x 1.5 m seine net (12 mm mesh) deployed from a motorized boat. At each vegetation 
site, 30 individuals of R. holubi were randomly selected and immediately placed in a large 
volume of crushed ice until they could be frozen in the lab. For stable isotope analyses, tissue 
was excised from the dorsal muscle to analyse the δ15N and δ13C "signatures" allowing the 
identification of specific ecological niche spaces whereas stomach contents were removed to 
assess stomach fullness and content.  
2.3. Creating desktop spatial data 
Due to the unavailability of detailed habitat coverage maps in the form of geographic 
information systems (GIS) shapefiles for each of the estuaries, this was manually projected in 
ArcGIS 10.3.1 by means of world imagery basemaps for consistency. Due to the quality of the 
maps at higher magnification, not all habitats are spatially correct and finer details could not 
be accurately projected, this includes inter alia the various categories of salt marsh and S. 
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maritima (intertidal, supratidal, floodplain). Features such as mudbanks surrounding 
submerged and intertidal vegetation have been limited since they are generally associated with 
these. The projection of aquatic vegetation does not take into account their current condition 
or external influences such as pollution. Similarly, jetties and slipways have not been assessed 
for functionality. Due to their small area, rockbeds have not been mapped unless they were 
significantly noticeable. A buffer region of 50 m has been assigned to each estuary to which 
external environments have been limited. The current ecological condition (following the 
health scores of the NBA) of the habitats were classified into 1-hectare units across the length 
of each estuary based on knowledge and available literature as “good”, “fair” and “poor”. 
Thereafter priority areas were assigned following selected criteria. This included the principles 
of a systematic conservation planning, the biodiversity targets for both habitats and 
collapsed/overexploited/vulnerable species and current species richness and abundances 
(SANBI & UNEP-WCMC, 2016). These 'areas' are furthermore defined as those habitats that 
have extremely high primary and secondary productivity and support a great abundance and 
diversity of fish and invertebrates. From a conservation standpoint, this is generally based on 
two main concepts, these are, rarity and quantity, the former pertaining to rare physical types 
(i.e. habitats or species) and the latter to the abundance (i.e. habitat area, population size, 
species diversity) (Beck et al., 2001; Turpie et al., 2002)       
 
3. Results 
The results of each estuary will be individually addressed according to the data that were 
collected. Using the targets as set by the latest National Biodiversity Assessment Estuary 
Component (2011) the current stock values of marine estuarine dependent species were 
addressed in terms of their vulnerability and degree of protection needed. Included under each 
component, the catch contributions for all species are assessed based on their habitat 
associations, the species richness and diversity based on seine and fyke catches, feeding habits 
and the value of shallow water habitats. This is followed by a detailed habitat and ecological 
condition map to illustrate the priority nursery habitats.  
A total of 81 428 fishes (Table 2) were sampled using a 50 m seine net during the recruitment 
period of 2014 and 2015 belonging to 24 families and 40 species. The current stock evaluation 
status indicate that 5 and 14 species are respectively classified as collapsed and/or exploited 
with the majority of these species having fewer than 40% of their once pristine stock available.  
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Table 2: Species and taxa composition, guild classification (Potter et al., 2015), % catch per unit effort (CPUE), estuary association (Kr: Kromme, Ga: Gamtoos, Sw: Swartkops, Su: 
Sundays, Ka: Kariega), stock evaluation according to National Biodiversity Assessment (Van Niekerk & Turpie, 2011) (% pristine breeding stock, % protection recommended, 
current status).  
Family Scientific name Common name Guild 
% 
CPUE Estuary associated 
% Pristine 
stock 
% Protection 
recommended Stock status 
Ariidae Galeichthys feliceps Barbel MEO <0.05 Ga, Su 55 40 Recreational 
Atherinidae Atherina breviceps  Cape silverside E&M 4.3 All  30 Not Assessed (N.A.) 
Carangidae Lichia amia Leervis MED <0.05 Kr, Ga, Sw, Su 50 50 Collapsed 
Chaetodontidae Chaetodon auriga Treadfin butterflyfish MS <0.005 Ka   N.A. 
Cichlidae Oreochromis mossambicus Mozambique tilapia FEO <0.05 Su, Ka 50  N.A. 
 Pseudocrenilabrus philander Southern mouthbrooder FS <0.005 Sw   N.A. 
Clariidae Clarias gariepinus Sharptooth catfish FS <0.005 Ga 55  Alien 
Clinidae Clinus superciliosus  Estuarine klipfish E&M 0.2 Kr, Ga, Sw, Ka  30 N.A. 
Clupeidae Gilchristella aestuaria Estuarine roundherring SE 60.8 All  30 N.A. 
Cyprinidae Cyprinus carpio European carp FS <0.05 Ga, Su   Alien 
Gobiidae Caffrogobius gilchristi Prison goby E&M 2.8 All  30 N.A. 
 Caffrogobius nudiceps Barehead goby E&M 0.8 All  30 N.A. 
 Glossogobius callidus River goby E&F 1.5 All  30 N.A. 
 Psammogobius knysnaensis Speckled sandgoby Emi 1.8 All  30 N.A. 
Haemulidae Pomadasys commersonnii Spotted grunter MED 0.6 All 40 50 Overexploited/Optimally 
 Pomadasys olivaceum Piggy MS 0.1 Kr, Sw, Su 50  N.A. 
Hemiramphidae Hyporhamphus capensis Cape halfbeak SE <0.05 Kr, Ga, Ka  30 N.A. 
Monodactylidae Monodactylus falciformis Cape/oval moony MED 0.1 All 55 30 N.A. 
Mugilidae Liza dumerilii Groovy mullet MEO 0.3 All 50 40 Bait species 
 Liza macrolepis Largescale mullet MED 0.9 All 50 40 Bait species 
 Liza richardsonii Harder MEO 2.7 All 45 40 Overexploited 
 Liza tricuspidens Striped mullet MEO 0.1 Kr, Ga, Sw 65 40 Bait species 
 Mugil cephalus Flathead mullet MED 0.3 All 65 40 Bait species 
 Myxus capensis Freshwater mullet MEO 1.1 All 40  Overexploited/Vulnerable 
Paralichthyidae Pseudorhombus arsius Largetooth flounder MS <0.005 Ga  30 N.A. 
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Table 2 cont: Species and taxa composition, guild classification (Potter et al., 2015), % catch per unit effort (CPUE), estuary association (Kr: Kromme, Ga: Gamtoos, Sw: 
Swartkops, Su: Sundays, Ka: Kariega), stock evaluation according to National Biodiversity Assessment (Van Niekerk & Turpie, 2011)  (% pristine breeding stock, % protection 
recommended, current status). 
Family Scientific name Common name Guild 
% 
CPUE Estuary associated 
% Pristine 
stock 
% Protection 
recommended Stock status 
Platycephalidae Platycephalus indicus Bartailed flathead MEO <0.005 Sw 55 40 Recreational  
Pomatomidae Pomatomus saltatrix Elf MEO <0.05 Kr, Ga, Sw, Ka 34 40 Overexploited 
Sciaenidae Argyrosomus japonicus Dusky kob MED <0.05 Ga, Sw, Su, Ka 4 50 Collapsed 
Soleidae Heteromycteris capensis Cape sole MEO 2 All  30 N.A. 
 Solea turbynei Blackhand sole MEO 1.5 All  30 N.A. 
Sparidae Diplodus capensis Blacktail MEO 2 All 35 40 Overexploited 
 Diplodus cervinus Zebra MS 0.05 Kr, Sw, Ka 35  Overexploited 
 Lithognathus lithognathus White steenbras MED 0.5 All 6 50 Collapsed 
 Rhabdosargus globiceps White stumpnose MEO 0.6 Kr, Ga, Sw, Su 20 40 Collapsed 
 Rhabdosargus holubi Cape Stumpnose MED 14.2 All 40 40 Optimally exploited 
 Sarpa salpa Strepie MEO <0.05 Kr, Ga, Sw 67 40 Bait specie 
Syngnathidae Syngnathus temminckii Longsnout pipefish E&M <0.05 Kr, Sw, Su, Ka  50 N.A. 
Tetraodontidae Amblyrhynchotes honckenii Evileye blaasop MS <0.05 Kr, Ga, Sw, Ka   N.A. 
Torpedinidae Torpedo fuscomaculata Blackspotted electric ray MEO 0.005 Kr, Ga, Ka   N.A. 
Triglidae Chelidonichthys kumu Bluefin gurnard MS <0.005 Kr, Ka 60  N.A. 
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3.1. Kromme Estuary  
Catch per unit effort in the Kromme Estuary resulted in 7089 fishes from 16 families and 31 
species, mainly dominated by the marine estuarine dependant Rhabdosargus holubi (Sparidae) 
estuarine and marine Atherina breviceps (Atherinidae). Based on the current stock status and 
percentage of pristine breeding stock, four of the species (Lithognathus lithognathus, 
Pomadasys commersonnii, Lichia amia and Syngnathus temminckii ((latter regarded as catch 
prohibited catch as per Marine Living Resources Act (Act No. 18 of 1998)) were regarded as 
overexploited or collapsed, 12 as currently exploited and the remaining 15 as no threat (Figure 
2). Based on their habitat association, 24 of these species are associated with sand habitats, 20 
with mud and 26 with the Zostera capensis mudflats. There were no significant differences in 
CPUE between the sites although higher species richness and diversity were often recorded in 
the middle and upper reaches.    
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Figure 2: Percentage catch contributions for 31 species according to associated habitat types along 
the length of the Kromme Estuary during October – December (2014 & 2015). Species are listed in 
order of abundance (highest to lowest) and classified according to their current stock status *no 
threat **exploited ***overexploited/collapsed (Van Niekerk & Turpie, 2011). 
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3.1.1. Management objectives for the Kromme Estuary 
To date there are no official protection levels set for the Kromme Estuary despite its 
recreational and biological importance. This system is greatly influenced by high recreational 
activities such as fishing and boating during the peak holiday periods particularly in the lower 
reaches adjacent to the Marina Glades. Heavy bait exploitation during these periods also results 
in high habitat modification of crucial habitats in the form of mud displacement. The Kromme 
Estuary is of the systems with the highest area of submerged vegetation along the length of the 
estuary which resulted in the high species richness and diversity in terms of marine and 
estuarine species (Table 1). The occurrence of the estuarine and marine longsnout pipefish (S. 
temminckii) was highest within the Kromme Estuary and showed a significant association with 
the Z. capensis mudflats. Their high reliance on these habitats makes them especially 
vulnerable to habitat destruction. Based on the biodiversity targets set for habitats, that is 20%, 
submerged habitats (13.4 ha), intertidal (3.6 ha), reeds and sedges (2.6 ha) and sand and mud 
(18 ha) should be included to meet these targets. Based on the catch abundance, at least 17 
species had > 30% of catch associated with Z. capensis, whereas sand specialist species such 
as L. lithognathus and many species from Mugilidae family were greatly associated with the 
lower sandy reaches mainly due to their feeding and behavioural habits. Based on the feeding 
ecology of Rhabdosargus holubi, the dominant Z. capensis mudflats were a significant source 
for feeding and it is assumed that many other species similarly use these habitats. This system 
is currently categorized as largely modified due to large dams in the upper reaches, restricting 
freshwater inflow and a constructed road bridge that resulted in the formation of large 
sandbanks below. Additional sand input is also occurring from the Sand River 2 km upstream 
from the mouth during episodic flooding, resulting in sandbanks in the lower reaches of the 
estuary. This system ecological health index is currently classified as ‘poor’ condition for both 
its biological health (macrofauna, invertebrates, birds, fish) and abiotic health (hydrology, 
mouth status, water quality, physical habitat) variables (Van Niekerk & Turpie, 2011).   
In order to achieve appropriate biodiversity conservation, a strict controlled no-take fishing 
zone should be implemented for those recreational species in the lower reaches with assigned 
priority areas in the middle upper reaches to account for high juvenile nursery usage, which 
also include Z. capensis creeks (Figure 3). Furthermore, stronger enforcement should be 
implemented on the collection of bait.  
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Figure 3: Habitat types and ecological condition map (1 hectare blocks) for the Kromme Estuary, 
also indicating the current catch per unit effort (CPUE) and location of jetties and bridges.  
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 3.2. Gamtoos Estuary 
Catch per unit effort in the Gamtoos Estuary resulted in 20 579 fishes comprised of 19 families 
and 32 species that was mainly dominated by the solely estuarine Gilchristella aestuaria 
(Clupeidae). Based on the current stock status and percentage of pristine breeding stock, four 
of the species (L. lithognathus, P. commersonnii, L. amia and Argyrosomus japonicus) were 
regarded as overexploited or collapsed, 12 as exploited and the remaining 16 as no threat 
(Figure 4). Based on their habitat association 18 of these species were associated with sand 
habitats, 26 with mud habitats and 17 with the Phragmites australis mud areas. There was a 
greater contribution of marine associated species in the lower to middle reaches (Sites 2 & 3) 
with the highest species richness and diversity recorded at Site 2.     
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Figure 4: Percentage catch contributions for 32 species according to associated habitat types along 
the length of the Gamtoos Estuary during October – December (2014 & 2015). Species are listed in 
order of abundance (highest to lowest) and classified according to their current stock status *no 
threat **exploited ***overexploited/collapsed (Van Niekerk & Turpie, 2011). 
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3.2.1. Management objectives for the Gamtoos Estuary 
Although the Gamtoos Estuary benefits from some level of protection from the government, in 
terms of recreational boating and the general public amenities law, this is very low and not well 
managed. This system is classified as freshwater rich as it receives a continuous inflow from 
numerous adjacent farmlands, canals, diversion weirs and the river. As a result, the system is 
highly enriched with agricultural nutrients and enriched phytoplankton communities (Adams 
et al., 1999) that are generally favoured by G. aestuaria. This species is an important 
contributor to the diet of large predatory fish such as L. amia and A. japonicus, and although 
these species are known for evading active gear such as seine nets, the former including L. 
lithognathus showed the highest catches here. The system’s provisional eco-classification is 
listed as largely natural that is, little change in habitats and biota may have taken place but the 
ecological functions are essentially unchanged (Adams et al., 2016). The mean ecological 
health index for both biological and health state are currently classified as fair. Due to the extent 
of the Gamtoos River, it holds the largest area of P. australis stands as well as the second 
highest area of intertidal salt marsh compared to other systems. The density of these stands is 
relatively low in the middle reaches and absent in the lower reaches and accounts for the few 
species associated with this habitat type (only 6 species > 30% association). Based on the 
biodiversity targets, intertidal (18.6 ha), supratidal (16.2 ha), submerged (1.02 ha), reeds/sedges 
(8.2 ha) and sand/mud (18.4 ha) should be included into future conservation practices. Due to 
limited vegetation for feeding, the diet contents of R. holubi suggest they undergo frequent 
trips between habitats and use the rising tide to access intertidal vegetation or they may switch 
to a more carnivorous diet that consist of benthic macrofauna.  
 
This system is very popular for recreational fishing purposes and known for anglers’ keeping 
undersized catches (especially A. japonicus and P. commersonnii) and as such, it is in need of 
critical evaluation, this also applies to the collection of bait. In order to achieve appropriate 
biodiversity conservation and the management thereof, a strict no-take fishing zone should be 
implemented in the lower reaches along with the restriction of bait collection (Figure 5).      
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Figure 5: Habitat types and ecological condition map (1 hectare blocks) for the Kromme Estuary, 
also indicating the current catch per unit effort (CPUE) and location of jetties and bridges.  
 Chapter 6 
154 
 
3.3. Swartkops Estuary  
Catch per unit effort in the Swartkops Estuary resulted in 12 458 fishes, comprised of 16 
families and 29 species that was mainly dominated by G. aestuaria. Based on the current stock 
status and percentage of pristine breeding stock, five of the species (L. lithognathus, P. 
commersonnii, L. amia, A. japonicus and S. temminckii) were regarded as overexploited or 
collapsed, 12 species as exploited and the remaining 12 as no threat (Figure 6). Based on their 
habitat association 13 species were associated with sand habitats, 23 with mud, 20 with P. 
australis mud and 19 with Z. capensis mudbanks. The highest contribution of both marine and 
estuarine species was recorded in the Z. capensis habitats and lowest CPUE was recorded in 
the sand habitats.  
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Figure 6: Percentage catch contributions for 29 species according to associated habitat types along 
the length of the Swartkops Estuary during October – December (2014 & 2015). Species are listed 
in order of abundance (highest to lowest) and classified according to their current stock status *no 
threat **exploited ***overexploited/collapsed (Van Niekerk & Turpie, 2011) 
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3.3.1. Management objectives for the Swartkops Estuary 
The Swartkops Estuary have been long been recognized and under discussion as a priority area 
for biodiversity conservation but to date there are no formal protection zones and no level of 
protection have been set by the government. The implementation of an integrated management 
plan is underway that includes the adjacent Aloes Nature Reserve, which have been identified 
as a critical biodiversity area. Based on the system’s current health index, both its biological 
and health status could be classified as fair, much of this as a result of increasing adjacent 
development pressure. Its geographic location makes this system vulnerable to significant 
fishing pressure from both recreational and subsistence fishermen and extensive bait collection 
in the lower reaches. The main bait collected here is pencil bait (Solen spp.), bloodworms 
(Arenicola loveni) and the estuarine mud prawn (Upogebia africana), the latter of which is an 
important diet component of P. commersonnii. This specie has seen major declines in recent 
years and due to ongoing and unmonitored fishing, it is still ongoing where much of the 
individuals being removed are undersized and bag limits are adhered to. The lower reaches of 
the estuary are of particular importance as the large areas of submerged vegetation and many 
creeks here provide shelter and adequate food sources to numerous marine and estuarine 
species. The lower reaches also provide large shallow water habitats and additional intertidal 
habitats otherwise inaccessible during the lower tides that are frequently used by marine 
stragglers (such as Diplodus capensis and Pomadasys olivaceum) in much greater numbers 
compared to any of the other systems. Although having the largest sand/mudbank area (Table 
1), few species were exclusively utilizing the sand habitats and a greater association were seen 
towards the mud and Z. capensis mudflats.  
Based on the biodiversity targets, intertidal (33 ha), supratidal (1 ha), submerged (2.5 ha), 
reeds/sedges (0.9 ha) and sand/mud (35.4 ha) should be included into future conservation 
strategies. High catch contributions were recorded for both L. lithognathus and P. 
commersonnii in the Swartkops Estuary and due to frequent targeting by anglers, a strict no-
take fishing zone should be enforced in the lower reaches to accommodate for these species 
and furthermore the large Z. capensis mudflats reaches should be restricted to any boating 
activities to promote the recovery of these priority nursery habitats (Figure 7). This system has 
also been identified as those critical to birds, many of which are dependent for feeding and 
breeding opportunities for species such as the threatened African Black Oystercatcher as well 
as the Lesser Flamingos.           
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Figure 7: Habitat types and ecological condition map (1 hectare blocks) for the Swartkops Estuary, 
also indicating the current catch per unit effort (CPUE) and location of jetties and bridges.  
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3.4. Sundays Estuary  
Catch per unit effort in the Sundays Estuary resulted in 33 044 fishes, comprised of 14 families 
and 26 species and was mainly dominated by G. aestuaria. Based on the current stock status 
and percentage of pristine breeding stock, five of the species (L. lithognathus, P. commersonnii, 
L. amia, A. japonicus and S. temminckii) were regarded as overexploited or collapsed, nine as 
exploited and the remaining 12 as no threat (Figure 8). Based on their habitat association, 14 
species were recorded in the sand habitats and 21 species in both the mud and P. australis mud 
areas. Species richness and diversity were greatest in the lower middle reaches (Sites 2 and 3) 
and showed a decline in the diversity patterns moving towards the middle to upper reaches 
although overexploited and collapsed species were generally associated with the higher reaches 
(Site 4 and onwards).  
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Figure 8: Percentage catch contributions for 26 species according to associated habitat types along 
the length of the Sundays Estuary during October – December (2014 & 2015). Species are listed in 
order of abundance (highest to lowest) and classified according to their current stock status *no 
threat **exploited ***overexploited/collapsed (Van Niekerk & Turpie, 2011). 
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3.4.1. Management objectives for the Sundays Estuary 
The Sundays Estuary is included to the list of critical biodiversity areas and considered of great 
ecological and conservation importance (Bezuidenhout et al., 2011). The system currently 
benefits from partial protection from the surrounding Greater Addo Elephant National Park 
and two additional large conservation areas with an estuarine management plan being 
underway. The system is currently categorized as moderately modified that includes the 
highway road bridge situated approximately 8 km upstream from the mouth opening, and its 
mean ecological health index can be classified as fair for both its biological and health 
components. The system is mainly freshwater dominated and receives significant input from 
surrounding agricultural runoff, adding to the current nutrient and pollution loads. The Sundays 
Estuary is also a very popular system in terms of recreational usage and as such is greatly 
influenced by recreational anglers (mainly targeting A. japonicus) and boaters due to its deep-
channelled outline and topography.   
Very few species were exclusively associated with the lower sandy habitats and much of the 
species and catch were primarily found at the prevailing mud habitats in the middle reaches of 
the estuary with a decline in usage at the upper shoreline reaches where P. australis were 
present. This was however contradictory for those overexploited species such as L. amia, P. 
commersonnii and A. japonicus, the latter two having the highest CPUE in the Sundays Estuary 
compared to any of the other systems. There was also a high abundance of the shoaling fish, 
G. aestuaria in the upper reaches which forms a great part of the diet for both the predatory L. 
amia and A. japonicus and may explain their association with these habitats. There was an 
absence of both supratidal and submerged habitats resulting in very little shallow water habitats 
to be used by juveniles for feeding and refuge and as such, they were mainly restricted to the 
muddy habitats. Based on the feeding ecology of R. holubi in the Sundays Estuary, they were 
mainly feeding on microbenthic fauna and using the rising tide to access the epiphytic algae 
and leaves provided by the intertidal reeds and sedges. Based on the biodiversity targets 
intertidal (4.4 ha), reeds/sedges (6.3 ha) and sand/mud (23.7 ha) should be included into future 
conservation strategies and furthermore a no-take fishing zone should be implemented in the 
lower and upper reaches to account for those large recreational species migrating between these 
areas and furthermore priority nursery areas should be encouraged in the middle and upper 
reaches (Figure 9).  
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Figure 9: Habitat types and ecological condition map (1 hectare blocks) for the Sundays Estuary, 
also indicating the current catch per unit effort (CPUE) and location of jetties and bridges.  
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3.5. Kariega Estuary  
Catch per unit effort in the Kariega Estuary resulted in 7448 fishes and comprised of 18 families 
and 29 species that was mainly dominated by the marine estuarine dependent Rhabdosargus 
holubi (Sparidae). Based on the current stock status and percentage of pristine breeding stock, 
four of the species (L. lithognathus, P. commersonnii, A. japonicus and S. temminckii) were 
regarded as overexploited or collapsed, 9 as exploited and the remaining 16 as no threat (Figure 
10). Based on their habitat association, 19 species were associated with sand habitats, 21 with 
mud and 26 with Z. capensis mudflats. Similar to the Kromme estuary, Kariega showed very 
high species diversity and richness values compared to any of the other systems with highest 
occurrence of marine and estuarine species occurring in the middle to upper reaches.    
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Figure 10: Percentage catch contributions for 29 species according to associated habitat types along 
the length of the Kariega Estuary during October – December (2014 & 2015). Species are listed in 
order of abundance (highest to lowest) and classified according to their current stock status *no 
threat **exploited ***overexploited/collapsed (Van Niekerk & Turpie, 2011). 
 Chapter 6 
161 
 
 3.5. Management objectives for the Kariega Estuary 
To date there are no official level of protection for the Kariega Estuary, but despite this the 
system still benefits from low fishing impact levels as well as minimal habitat destruction (Van 
Niekerk et al., 2015). This system, like the Kromme Estuary is classified as a system having a 
reversed salinity gradient which receives minimal freshwater inflow. It is currently categorized 
as moderately modified and benefits from low level of neighbouring development with its 
biological and health status is currently being classified as fair. Similar to the Kromme Estuary, 
the presence of submerged macrophytes extends into the middle and upper reaches resulting in 
greater species richness and diversity throughout. Based on the habitat association, 
approximately 19 species were frequently (> 30%) associated with the submerged Z. capensis 
mudflats including the threatened S. temminckii. In the solely mud habitats, species such as the 
Cape halfbeak Hyporhamphus capensis and River goby Glossogobius callidus had the highest 
catch contributions compared to any of the other systems, this also included P. commersonnii. 
Due to the large intertidal mudflats and various creeks in the lower reaches upstream from the 
road bridge, significant shallow water habitats are available for juveniles during the rising tide 
and based on the feeding ecology of R. holubi, much of these species move into these reaches 
for this purpose.  
Based on the biodiversity targets for estuarine habitats, intertidal (2.5 ha), supratidal (3.7 ha), 
submerged (1.9 ha), reeds/sedges (2.04 ha) and sand/mud (1.04 ha) should be included into 
future conservation strategies. Although this system is not excessively utilized by daily 
recreational users this may change during the peak holiday season when boating and fishing 
are the main recreational activities on the river. Its geographic location permits limited access 
along the length of the system and main access is restricted to the lower reaches. The greater 
areas above the horseshoe bend forms part of the Kariega Game Reserve where limited control 
has been implemented. In order to achieve appropriate biodiversity conservation targets, a 
partial no-take fishing zone should be encouraged in the lower reaches to allow larger 
recreational species to move freely in and out of the system and furthermore to establish priority 
nursery areas in and around the intertidal and submerged mudflats (Figure 11).        
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Figure 11: Habitat types and ecological condition map (1 hectare blocks) for the Kariega Estuary, 
also indicating the current catch per unit effort (CPUE) and location of jetties and bridges . 
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4. Discussion 
4.1. Defining conservation priorities for estuaries 
Lamberth & Turpie (2003) estimated that about 50% of the 160 species occurring in South 
African estuaries are completely or partially dependent on estuaries and are likely to be affected 
by increasing anthropogenic pressures. The Kromme, Gamtoos, Swartkops, Sundays and 
Kariega estuaries have all been listed as significant nursery areas in terms of biodiversity and 
are of great importance for sub-adult kob (Argyrosomus japonicus) and spotted grunter 
(Pomadasys commersonnii) and are therefore listed as systems required by law to implement 
partial protection (Act No. 24 of 2008 (DEA, 2013)). Partial protection may involve zonation 
(i.e. a no-take zone) or by addressing other pressures with similar actions. It is required that all 
estuaries have a viable management plan and that actions set out are to be addressed. These 
strategic objectives in short include: 1) to conserve, manage and enhance sustainable economic 
without compromising functioning of estuarine systems, 2) maintain/restore ecological 
interactions between estuaries and their catchments, 3) to co-operatively manage estuaries 
(government, private sector and society), 4) to protect a representative sample of estuaries, 5) 
to promote awareness relating to importance of estuaries and 6) to minimize potential 
detrimental impacts (DEA, 2013). Currently only the Gamtoos and Sundays estuaries are 
benefitting from partial low-level management from the municipality with estuarine 
management plans pending. An Integrated Management Plan that includes the Aloe Nature 
Reserve and Swartkops River Valley is also available for the Swartkops Estuary (Van Niekerk 
& Turpie, 2011). Based on the present ecological status of these systems, the following 
mitigations have been listed in order to achieve the recommended ecological status: restore the 
floods and base flows, improve the water quality and remove/reduce fishing/bait collection 
pressures (Van Niekerk et al., 2015).      
Fish, similarly are in need of management in terms of vulnerability, conservation and their 
importance regarding fisheries. Species such as A. japonicus (Sciaenidae), Lichia amia 
(Carangidae), Liza richardsonii (Mugilidae) (oppertunist), Lithognathus lithognathus and 
Rhabdosargus holubi (Sparidae) are estuary dependent and use estuarine systems for the first 
one or two years in of life cycle. Given difficulties arising from uncertain taxonomic status, 
very few species, especially those exploited have been evaluated for the inclusion on the 
International Union for Conservation of Nature (IUCN) Red List (Van Niekerk & Turpie, 
2011). In order to achieve systematic biodiversity planning, three key principles are required, 
that is the need to 1) conserve a representative sample of biodiversity, 2) to conserve ecological 
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and evolutionary processes allowing biodiversity to persist and 3) set quantitative biodiversity 
targets to maintain functioning (Turpie & Clark, 2007). As such, conservation population 
targets were calculated based on the number of individuals per species of marine estuarine 
dependent fishes, that is: 50% of the population currently classified as 
threatened/overexploited/collapsed (based on Red List), 40% of the population currently 
exploited/vulnerable and 30% of the remaining population. Similarly, for ecosystem habitat 
types, targets were set to 20% of the total area of each type with the exclusion of mangroves 
and swamp forest habitats. Estuaries are generally made up of a high diversity of habitat types 
that include sand and mudflats, rockbeds, openwater and plant communities, the last of which 
can be further subdivided into salt marsh, submerged macrophytes, reeds and sedges (Van 
Niekerk & Turpie, 2011).  
4.2. Defining nursery habitats using important marine estuarine dependent species  
Increasing pressure from human development require the need for identifying and preserving 
habitats critical to ensure the survival and sustainable utilization of fish populations (Martinho 
et al., 2007). The roles provided by estuaries has received numerous attention especially the 
role of vegetation for many marine and estuarine juvenile fishes, although there seems to be a 
paucity in using a multiple habitat approach, with many habitats still being severely 
understudied (Beckley, 1983; Whitfield, et al., 1989; Booth, 2007; Mattilla et al., 2008). In 
addition, vegetated habitats generally support greater species diversity and abundance 
compared to those adjacent unvegetated habitats (Connolly, 1994; Adams et al., 1999; Nanjo 
et al., 2011). It was clear from the results of this study that juveniles were mainly associated 
with the vegetated habitats when available or ontogenetic niche shifts were observed in terms 
of abundant size classes. It should be kept in mind that although the communities associated 
with selected habitat types may be similar in different estuaries, their management should be 
based on a single system approach rather than defining important nursery habitats based on a 
multi-estuary approach. The latter is extremely useful and important for enhancing the evidence 
of species estuarine use patterns by juveniles.  
By using the biological features of those species which have been classified as collapsed or 
overexploited, suitable conservation targets can be implemented. Based on the current catch 
contributions, four of these species (A. japonicus, L. amia, L. lithognathus and P. 
commersonnii) have experienced major declines due to overfishing and/or where the catch per 
unit effort ratio in relation to their size have also been altered. Their high residency within 
estuaries makes them particular vulnerable to overfishing and their age at maturity is resulting 
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in further population declines (Lamberth & Turpie, 2003). The minimal length at sexual 
maturity are as follows, P. commersonnii (300 – 360 mm) (Childs, 2005; O’Connel, 2008), L. 
lithognathus (~650 mm) (Bennett, 1993), A. japonicus (F: ~1070 mm; M: ~920 mm) (Griffiths, 
1996) and L. amia (550 - 600 mm) (Smith, 2008). Based on the age and size at maturity of 
these already collapsed species, the implementation of strict no-take fishing zones should be 
regarded as a very high priority within these systems in order to achieve those targets set out 
by the NBA and allow the recovery of stocks. These species have each received individual 
assessments in the last decade and current acoustic telemetry research is providing detailed 
movement patterns of these species suggesting larger juveniles generally undergo frequent trips 
into the sea only to return later and are otherwise associated with the middle and upper reaches 
(A. japonicus and L. amia) or lower middle reaches (P. commersonnii and L. lithognathus). 
Although these studies have only been performed in a few systems, these patterns are providing 
insight on their definite movement patterns that can be applied in multiple systems.     
 
5. Conclusions 
Biodiversity planning in aid of estuarine management is a rapidly evolving field of research 
using numerous approaches that have been explored around the world (Turpie & Clark, 2007). 
Spatial planning and mapping is greatly beneficial for biodiversity strategies and action 
planning at a national or local scale (SANBI & UNEP-WCMC, 2016). The aim of this work 
was to prioritize essential nursery habitats that would potentially meet the biodiversity targets 
as set out by the NBA. The purpose of prioritisation was to analyse the opportunities and 
limitations at those sites important for meeting biodiversity conservation targets. Biodiversity 
priority habitats can be defined as those areas most important for conserving viable 
representative samples of the ecosystem and/or species, for maintaining ecological processes 
and the provision of the ecosystems services (SANBI & UNEP-WCMC, 2016). The need for 
estuarine management comes from those increasing and threatening human activities and large 
scale environmental change that continues to impact valuable resources. South Africa's 
estuaries have a diversity of management requirements, often unique to individual systems and 
may include a variety of responsible authorities. Due to various influences from marine, 
freshwater and terrestrial ecosystems, estuaries require integrated cross sectorial planning and 
management from multiple stakeholders (DEA, 2013; 2015).    
In keeping with the identified mitigation measures to achieve the recommended ecological 
status, additional bag and size limits should be updated for those collapsed recreational species 
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to match their age at sexual maturity and strict control from the government should be enforced 
to all anglers fishing within these systems and priority areas should be addressed and managed 
accordingly. Furthermore, the accessibility to updated and useful data should be encouraged. 
This data can furthermore be used to assist in future management and conservation plans.      
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CHAPTER 7 
SYNTHESIS AND CONCLUSIONS  
South Africa's coastline is characterized by turbulent wave action, unsheltered shores and a 
narrow continental shelf on the east and south-east coast, whereas the estuarine environment is 
much smaller in area, much calmer and sheltered and largely influenced by a greater variation 
in salinity, temperature and turbidity (Beckley, 1984; Wallace et al., 1984). South African 
estuaries continue to represent extremely valuable national resources that are increasingly 
threatened by agricultural, urban and development. Furthermore, environmental pollution, 
overfishing and the recent introduction of aquatic animals continues to undermine the 
conservation of fishes (Wallace et al., 1984; Lamberth & Turpie, 2003; Barletta et al., 2010; 
Whitfield & Cowley, 2010). These pressures are the result of the increasing demand on both 
the coastal and estuarine resources to support the ever-increasing coastal development and have 
escalated to the extent that requires a more strategic approach in order to address the social 
needs and socio-economic requirements (Lamberth & Turpie, 2003; Van Niekerk & Turpie, 
2012; DEA, 2015).  
The roles provided by estuaries have been studied extensively in various parts of the world. It 
is generally accepted that their most important role concerning fish populations is the provision 
of suitable nursery grounds for juveniles (Wallace et al., 1984; Whitfield, 1998; Potter et al., 
1997; Vasconcelos et al., 2010). These juvenile nursery grounds tend to be found in shallow 
waters and generally characterized by having abundant and suitable food, warmer 
temperatures, and provide a degree of protection from various forms of predation (Beck et al., 
2001; Dahlgren et al., 2006). These estuarine nurseries serve as a critical phase in the life 
history of many commercially and recreationally exploited species that are dependent on 
estuaries for growth and survival (Whitfield, 1994, Lamberth & Turpie, 2003). To understand 
the dependence of different juvenile fish species on estuaries, one needs to recognize their 
various life cycle stages and how they change, understand in what way they utilize habitats and 
what environmental variables they depend on to facilitate growth (Potter et al., 2015). Since no 
two estuaries are the same in terms of biotic and abiotic characteristics, it is hypothesized that 
ichthyofaunas of each estuary will also differ, however if resident and marine species respond 
similarly to the environment then communities occupying estuaries of the same type from a 
particular region should reflect this similarity (Whitfield, 1999). Fish inhabiting South African 
estuaries can be divided into two major groups, those species that spawn at sea and those that 
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spawn within the estuarine environment, with some species breeding at sea or in freshwater. 
The former refers to the dominant euryhaline marine category, and the latter as estuarine 
(Whitfield, 1998). 
In the present study (Chapter 2) all systems were primarily dominated by species from the 
euryhaline marine category with the marine-estuarine dependent sparid, Rhabdosargus holubi, 
as the dominant species. This species, much like the other recreationally important species 
Argyrosomus japonicus, Lichia amia, Lithognathus lithognathus and Pomadasys 
commersonnii within this guild, require the sheltered environments provided by estuaries 
during a critical stage of their life cycle before returning to marine environment (Potter et al., 
2015). It is argued that should some of these species be denied access into these systems due 
to mouth closure or unfavourable biotic and abiotic conditions, their degree of survival could 
be altered, undoubtedly making estuaries crucial nursery habitats (Whitfield & Elliott, 2002; 
Cowley et al., 2013). South African estuaries are associated with approximately 53 families, 
19 of which were recorded within this study. Of these families, Gobiidae, Mugilidae and 
Sparidae are the most diverse in terms of species number and generally responsible for making 
important contributions to the overall ichthyofauna in different systems (Whitfield, 1999). 
Ichthyofaunal diversity and richness are strongly correlated with habitat variability in these 
systems particularly in the Kromme, Swartkops and Kariega estuaries where submerged 
habitats were dominant. These habitats are generally associated with the less abundant 
longsnout pipefish Syngnathus temminckii, super klipfish Clinus superciliosus and various 
marine straggler and marine dependent sparid species and due to habitat degradation and 
coastal development, they could face further declines. Concerns are also ever increasing for 
important marine estuarine dependent recreational species as their numbers are rapidly 
declining due to excessive overfishing and anglers retaining undersized catches from these 
systems. This not only affects their abundance, but also their age structure, size and species 
composition (Blaber et al., 2000). The stock assessment for A. japonicus, L. amia, P. 
commersonnii and L. lithognathus have been evaluated and are now regarded as over-exploited 
or optimally exploited, that is 40-50% of the pristine biomass, and by definition means that 
stocks are producing lower yields than their biological and ecological potential (Lamberth & 
Turpie, 2003).  
The role of shallow water habitats (Chapter 3) has long been accepted as important nursery 
habitats for numerous small and juvenile fishes, crustaceans and invertebrates, typically in high 
abundances (Boehlert & Mundy, 1988; Heck et al., 2003; Baker & Sheaves, 2007). Their high 
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structural complexity in the form of submerged vegetation provides excellent feeding grounds 
as well as protection from predatory species. Considerable research has been undertaken to 
further understand the potential nursery function from a variety of coastal and estuarine 
habitats, although the relative importance of shallow water coverage in estuaries remained 
understudied until recent years (Rypel et al., 2007; Becker & Suthers, 2014; Whitfield & 
Pattrick, 2015; Becker et al., 2017). By using the calculated amount of shallow water available 
during the spring flood and receding tides as an additional driver of species richness and 
diversity it was determined that these areas should be considered in future management and 
conservation plans. Estuarine systems such as the Swartkops Estuary are of great importance 
in terms of shallow water availability due to the large intertidal and submerged habitats 
occurring in the lower reaches of the system. Here the dominant species, R. holubi showed a 
strong association towards these habitats due to abundant refuge and feeding opportunities 
(Chapter 5). For estuaries to operate as functional estuarine systems they need to provide 
optimal and suitable food, hold suitable physical and chemical variables, provide a degree of 
protection from predators and most important, allow for recruitment back into marine 
environments (Beck et al., 2001). Gear avoidance, gear selection and daytime sampling are 
greatly underestimating the collection of many large predatory fishes within shallow water 
habitats due to their nocturnal and tidal movement. Therefore, further research is required to 
evaluate these habitats that may act as refuge from predatory species (Paterson & Whitfield, 
2000).   
The importance of submerged vegetation (i.e. seagrass) and intertidal salt marsh creeks have 
received substantial attention in South African estuaries, particularly those in permanently open 
estuaries (Hanekom & Baird, 1988; Ter Morshuizen & Whitfield, 1994; Sheppard et al., 2011; 
Paterson & Whitfield, 2003; Edworthy & Strydom, 2015). Similarly, the species richness and 
diversity between vegetated and unvegetated habitats (Lubbers et al., 1990; Hudges et al., 2002; 
Rotherham & West, 2002; Franco et al., 2006; Joseph et al., 2013) have been determined 
although there seems to be paucity in the selection of multiple habitats and gear selection. By 
using passive gear such as fyke nets during the nocturnal flooding tide, habitat usage patterns 
could be established for the three common habitat cover types found in these warm temperate 
estuaries. This study highlighted the importance of the understudied common reed Phragmites 
australis for marine estuarine dependent species such as Monodactylus falciformis and served 
to demonstrate that fyke nest serve as a successful alternative method of sampling within these 
highly structured habitats in estuaries that are otherwise difficult to sample with seine nets. 
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Similarly, the seagrass Zostera capensis and intertidal salt marsh Spartina maritima habitats 
showed high usage by the marine estuarine opportunist Diplodus capensis and R. holubi 
suggesting these species make extensive use of the flooding tide to access intertidal habitats. 
This was also found from results in the following chapter that determined the feeding ecology 
of R. holubi within these habitats. Since the selection for food by many juveniles are 
presumably influenced by visual stimuli, feeding, more often than not is taking place during 
the daytime whereas feeding of large predatory fish such as P. commersonnii L. lithognathus 
and L. amia within these structured habitats are facilitated by tidal and nocturnal movements 
(Blaber & Whitfield, 1977; Cowley et al., 2008; Dunlop et al., 2015). As such, the association 
of the Sparidae and Mugilidae families in vegetated and unvegetated habitats may be related 
to predator avoidance depending on when these predators move into the shallow reaches 
(Blaber, 1975; Christensen, 1976; Blaber & Whitfield, 1977). This degree of habitat utilization 
and movement is a good indication of their plasticity within estuaries (Whitfield & Pattrick, 
2015; Edworthy & Strydom, 2016).       
Feeding ecology research is increasingly becoming a fundamental tool for understanding 
interactions based on feeding processes within these ecosystems (Ramírez-Luna et al., 2008). 
Estuarine habitats such as seagrass beds, intertidal reeds and sedges and mudbanks are often 
interlinked through diurnal feeding migrations, although there is little evidence on the degree 
to which these habitats are utilized as feeding habitats in terms of timing, duration and species-
specific behaviour (Nagelkerken & Van Der Velde, 2004). Understanding how marine and 
estuarine species utilize these habitats is important for understanding the fundamental 
processes responsible for structuring estuarine systems (Lee et al., 2011). By assessing the 
feeding ecology of an abundant marine estuarine dependant species in three commonly found 
estuarine macrophyte habitats (Z. capensis, S. maritima, P. australis) it was clear that rising 
tidal movement along with diurnal feeding habits are greatly influencing the structure of these 
estuarine fish assemblages. The collective results of conventional stomach content analyses as 
well as advantageous stable isotope signatures (δ13C and δ15N) revealed that the diet of R. 
holubi varied among habitats, estuaries and sizes classes although generally maintaining an 
herbivorous diet comprised of epiphytic algae and aquatic macrophytes. By investigating the 
ecological feeding niches of R. holubi in previously unexplored P. australis and S. maritima 
habitats, the importance of invertebrates and benthic prey was highlighted from their stomach 
contents, suggesting that their diets may shift towards a more carnivorous diet during low tides 
when intertidal vegetation becomes unavailable. In addition to their recently ingested diets, 
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isotopic mixing models revealed that this species had greater isotopic niche areas within 
aforementioned habitat types compared to the inundated Z. capensis habitats, suggesting that 
their limited availability during the receding tide force juveniles to migrate towards alternative 
habitat types. Following on the previous chapter, the strong correlation of R. holubi within 
these shallow reaches make them particularly vulnerable to habitat loss for a species currently 
classified as overexploited. Furthermore, this species also forms an important prey item for 
many piscivorous birds and fish (Whitfield, 1998; Sheppard et al., 2012). 
There is a growing recognition for the development of estuarine management programmes to 
address currently under-protected and threatened systems in South Africa. Continuous human-
induced threats to these systems in the form of habitat destruction, environmental pollution and 
the overexploitation of marine resources has resulted in an increased demand for marine 
reserves with the aim of conserving both representative and adequate examples of biodiversity 
(Banks et al., 2005). In smaller systems such as estuaries, this is mainly achieved by selecting 
suitable planning units within a predefined planning domain (Van Niekerk & Turpie, 2012). 
Following this, conservation goals need to be identified by using suitable targets for all 
biodiversity features, existing protection areas need to reviewed and finally additional 
conservation areas need to be selected for consideration by managers. Since systematic 
planning proved somewhat challenging due to insufficient planning units, an ad-hoc protection 
approach was used in terms of species representation and the biodiversity targets as set out by 
the current National Biodiversity Assessment (Van Niekerk & Turpie, 2012). By using the 
minimum conservation target of 20% for all habitat types and an additional 50% and 40% 
respectively for collapsed and exploited populations, habitats critical to the survival of juvenile 
fishes were selected to potentially meet these targets. By using the biodiversity targets of the 
NBA, it was concluded that all studied systems (Kromme, Gamtoos, Swartkops, Sundays, 
Kariega) are in need of partial protection. Due to high overfishing pressures that prevail within 
these systems, zonation in the form of no-take zones was proposed. Since the majority of large 
piscivorous linefish species are restricted by tidal movements into the shallows and nocturnal 
movement suggest frequent trips into the marine environment (Cowley et al., 2008; Dunlop et 
al., 2015), the lower reaches extending from the mouth have been identified as those areas that 
are in need of strict zonation. The implementation of biodiversity conservation does not go 
without the input of many stakeholders and managers and by using government key legislations 
(i.e. National Water Act (Act 36 of 1998) and National Environmental Management: Integrated 
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Coastal Management Act (Act 24 of 2008)) as well as numerous existing management 
initiatives for the development of estuarine management plans (DEA, 2015). 
There is an increasing need to better understand the habitats that serve as nurseries for estuarine 
and marine species. Although a considerable amount of work has been undertaken to assess 
the nursery functions of various estuarine and coastal habitats these are often limited to 
particular habitats (Whitfield & Pattrick, 2015). Following on the nursery-role concept first 
introduced by Beck et al., (2001) a redefined nursery definition was introduced that broadened 
on the original concept known as the Effective Juvenile Habitat (EJH). It is said that for a 
habitat to serve as an EJH for a particular species its overall contribution of juveniles to the 
adult populations is on average greater than the mean level contributed by all habitats used by 
juveniles, regardless of area coverage (Dahlgren et al., 2006). The success of these habitats is 
invariably influenced by major biotic factors such as healthy supply of larvae/juveniles, 
abundant food resources, a moderate degree of shelter from predation and limited competition 
(Whitfield & Pattrick, 2015). These systems do not function without various abiotic factors 
posing different physiological and hydrodynamic challenges to juvenile fishes and as such 
nursery function is likely to vary among/or within estuaries (Vasconcelos et al., 2011). The 
influence of environmental variables on estuarine fish assemblages has received considerable 
research to date and the extent to which these environmental factors influences the spatial and 
habitat use of estuarine and marine fishes is largely influenced by the estuary’s morphology 
and its connection to the open sea (Gannon et al., 2015). 
The distribution of fishes in estuaries, particularly at species level are highly dependent on 
factors such as salinity, freshwater input, mouth dynamics, as well as habitat variability and 
availability (Richardson et al., 2006). One of the most important adaptations for fishes 
penetrating estuaries is the ability to adjust to salinity changes (Whitfield et al., 1981) thus it is 
possible that salinity is linked with species richness patterns at much larger spatial extents 
(Vasconcelos et al., 2015). A conceptual model proposed by Whitfield et al., (2012), holds that 
species diversity decline from fresh waters into low salinity mesohaline waters where after 
diversity exponentially increases shifting towards the more euryhaline conditions. Although 
fish communities within South African estuaries are relatively stable, they are characterized by 
low species diversity with fewer than 100 species that make extensive use of estuaries around 
the continental shelf (Potter et al., 1990; Whitfield, 1994). It has been shown that within 
shallow coastal waters, invertebrate and fish abundance, species richness and biomass 
generally increase with the addition of structured habitats and the absence of a longitudinal 
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salinity gradient (Beck et al., 2001; Airoldi et al., 2008; Mattila et al., 2008; Whitfield et al., 
2012; Vasconcelos et al., 2015). This study presented some new insight on various habitats and 
to what extent they are being utilized by juvenile fishes. By utilizing various methods, 
previously unexplored habitats have been successfully studied within these systems.  
Shallow estuarine habitats that include seagrass meadows and salt marshes have been well 
studied all over the world in terms of spatial, temporal and seasonal variations in fish 
assemblages (Ferrel & Bell, 1991; Hajisamae & Chou, 2003; Nanjo et al., 2011; Joseph et al., 
2013; Edworthy & Strydom, 2016). Their structural assemblages provide abundant food 
sources and potential predator avoidance and as such, they are linked to facilitate rapid growth 
of these individuals (Able et al., 1999; Beck et al., 2001; Baker & Sheaves, 2009, 2009; Ryer 
et al., 2010). Much of species richness and diversity have been positively correlated with 
habitat structure, although quantifying the relative importance of specific habitats can be 
impossible due to the many components linked with habitat complexity (Gratwicke & Speight, 
2005). Movement patterns are largely influenced by an animal's body size, habitat connectivity 
and its foraging behaviour (Lukey et al., 2006; Gannon et al., 2015). By simultaneously 
investigating the feeding and movement patterns of juvenile fishes in both shallow waters and 
multiple aquatic habitat types, their plasticity becomes evident (Edworthy & Strydom, 2016). 
Knowledge of fish movement and resource utilization in multiple habitat types is important for 
effective management and conservation as these have extremely high primary and secondary 
productivity (Beck et al., 2001; Gannon et al., 2015).  
Ongoing anthropogenic threats to estuaries by means of development and overfishing are 
causing great concern to systems in an already dire condition. The loss of critical biodiversity, 
ecosystem functions and coastal vegetation within estuarine systems is rapidly contributing to 
biological invasion, declining water quality and further decline of pristine biological stock 
(Barbier et al., 2011). Estuaries are regarded as focal points for coastal development and 
recreation and as such, they hold extreme economic value. Of the 160 species occurring within 
South African estuaries, about 80 are utilized in fisheries. It was estimated that the total value 
of fisheries within South African estuaries is about R433 million per year based on an estimated 
total annual catch of 2 482 tons (Lamberth & Turpie, 2003). An assessment of the estuarine 
fish stock status indicates that the currently high value of estuarine fish is not sustainable and 
further reduction will not only affect the catch per unit effort but also the overall catches 
(Lamberth & Turpie, 2003; Turpie & Clarke, 2007). With the development of the National 
Estuary Biodiversity Plan, estuaries requiring full to partial protection were identified and 
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furthermore highlighted those species currently classified as collapsed and overexploited to be 
listed as Red Data Species. Management of estuaries does not go without national legislation 
to manage current pressures and assist with biodiversity conservation. This study highlighted 
that much of those species listed as collapsed or overexploited have faced substantial declines 
in the past few decades and the lack of strict management allows this to continue. With that 
being said, the stock for both A. japonicus and L. lithognathus lies below 10% with no current 
management and legislation to conserve them. These species and other facing trending declines 
should be re-evaluated by the government in terms of bag limits and their size and furthermore, 
no-take fishing zones should be enforced in all systems in need of partial protection. 
It is clear from this work and others around the world that there is still much to be done to fully 
understand the nursery role provided by estuaries. Estuarine fish assemblages are invariably 
influenced by a suite of environmental variables such as temperature and salinity, and due to 
rapid global changes, loss of submerged macrophytes and increased human pressure within and 
around these nurseries will invariably change their distribution even further. There is an urgent 
need to address those estuarine systems that require partial protection and the crucial nursery 
habitats therein. The need to conserve critical and collapsed stock species relies much on 
effective biodiversity conservation and the implementation of these aspects.  
     
References 
Able, K.W., Manderson, J.P. & Studholme, A.L. 1999. Habitat quality for shallow water fishes 
in an urban estuary: the effects of man-made structures on growth. Marine Ecology 
Progress Series, 187: 227-235. 
Airoldi, L., Balata, D. & Beck, M.W. 2008. The Gray Zone: Relationships between habitat loss 
and marine diversity and their applications in conservation. Journal of Experimental 
Marine Biology and Ecology, 366: 8-15. 
Baker, R. & Sheaves, M. 2007. Shallow-water refuge paradigm: conflicting evidence from 
tethering experiments in a tropical estuary. Marine Ecology Progress Series, 349: 13-22.  
Baker, R. & Sheaves, M. 2009. Overlooked small and juvenile piscivores dominate shallow-
water estuarine ‘‘refuges’’ in tropical Australia. Estuarine, Coastal and Shelf Science, 85: 
618-626. 
 Chapter 7 
178 
 
Banks, S.A., Skilleter, G.A. & Possingham, H.P. 2005. Intertidal habitat conservation: 
identifying conservation targets in the absence of detailed biological information. Aquatic 
Conservation: Marine and Freshwater Ecosystems, 15: 271-288. 
Barbier, E.B., Hacker, S.D., Kennedy, C., Koch, E.W., Stier, A.C. & Silliman, B.R. 2011. The 
value of estuarine and coastal ecosystem services. Ecological Monographs, 81: 169-193. 
Barletta, M., Jaureguizar, A.J., Baigun, C., Fontoura, N.F., Agostinho, A.A., Almeida-Val, V., 
Val, A., Torres, R.A., Jimenes, L.F., Giarrizzo, T., Fabré, N.N., Batista, V., Lasso, C., 
Taphorn, D.C., Costa, M.F., Chaves, P.T., Vieira, J.P. & Corrêa, M.F.M. 2010. Fish and 
aquatic habitat conservation in South America: a continental overview with emphasis on 
neotropical systems. Journal of Fish Biology, 76: 2118-2176. 
Becker, A. & Suthers, I.M. 2014. Predator driven diel variation in abundance and behaviour of 
fish in deep and shallow habitats of an estuary. Estuarine, Coastal and Shelf Science, 144: 
82-88. 
Beck, M.W., Heck, K.L., Able, K.W., Childers, D.L., Eggleston, D.B., Gillanders, B.M., 
Halpern, B., Hays., C.G., Hosino, K., Minello, T.J., Orth, R.J., Sheridan, P.F. & Weinstein, 
M.P. 2001. The Identification, conservation, and management of estuarine and marine 
nurseries for fish and invertebrates. BioScience, 51: 633- 641. 
Becker, A., Whitfield, A.K., Cowley, P.D. & Cole, J.C. 2017. Does water depth influence size 
composition of estuary-associated fish? Distributions revealed using mobile acoustic-
camera transects along the channel of a small shallow estuary. Marine and Freshwater 
Research, 144: 82-88. 
Beckley, L.E. 1984. The ichthyofauna of the Sundays Estuary, South Africa, with particular 
reference to the juvenile marine component. Estuaries, 7: 248-258. 
Blaber, S.J. 1975. Lipid content and condition in an estuarine teleost.  Zoologica Africana, 10: 
63-73.  
Blaber, S.J.M., Cyrus, D.P., Albaret, J-J., Ching, C.V., Day, J.W., Elliott, M., Fonseca, M.S., 
Hoss, D.E., Orensanz, J., Potter, I.C. & Sivert, W. 2000. Effects of fishing on the structure 
and functioning of estuarine and nearshore ecosystems. Journal of Marine Science, 57: 
590-602. 
Blaber, S.J.M. & Whitfield, A.K. 1977. The feeding ecology of juvenile mullet (Mugilidae) in 
south-east African estuaries. Biological Journal of the Linnean Society, 9: 277-284. 
 Chapter 7 
179 
 
Boehlert, G.W. & Mundy, B.C. 1988. Roles of behavioural and physical factors in larval and 
juvenile fish recruitment to estuarine nursery areas. American Fisheries Society 
Symposium, 3: 51-67. 
Christensen, M.S. 1976. Aspects of the feeding ecology of three common sparids in the littoral 
zone at Clayton's Rocks in the Eastern Cape, with notes on their biology. Intstitute of 
Ichtyology, Rhodes University (MSc Thesis), 131 pp.  
Cowley, P.D., Childs, A-R & Bennett, R.H. 2013. The trouble with estuarine fisheries in 
temperate South Africa, illustrated by a case study on the Sundays Estuary, African 
Journal of Marine Science, 35: 117-128. 
Cowley, P.D., Kerwath, S.E., Childs, A-R., Thorstad, E.B., Økland, F. & Næsje, T.F. 2008. 
Estuarine habitat use by juvenile dusky kob Argyrosomus japonicus (Sciaenidae), with 
implications for management. African Journal of Marine Science, 30: 247-253. 
Dahlgren, C.P., Kellison, G.T., Adams, A.J., Gillanders, B.M., Kendall, M.S., Layman, C.A., 
Ley, J.A., Nagelkerken, I. & Serafy, J.E. 2006. Marine nurseries and effective juvenile 
habitats: concepts and applications. Marine Ecology Progress Series, 312: 291-295. 
Department of Environmental Affairs (DEA). 2015. Guidelines for the Development and 
Implementation of Estuarine Management Plans in terms of the National Estuarine 
Management Protocol. Cape Town. 
Dunlop, S.W., Mann, B.Q., Cowley, P.D., Murray, T.S. & Maggs, J.Q. 2015. Movement 
patterns of Lichia amia (Teleostei: Carangidae): results from a long-term cooperative 
tagging project in South Africa. African Zoology, 50: 249-257. 
Edworthy, C. & Strydom, N.A. 2016. Habitat partitioning by juvenile fishes in a temperate 
estuarine nursery, South Africa. Scientia Marina, 80: 151-161. 
Franco, A., Franzoi, P., Malavasi, S., Riccato, F. & Torricelli, P. 2006. Fish assemblages in 
different shallow water habitats of the Venice Lagoon. Hydrobiologia, 555: 159-174. 
Gannon, R., Payne, N.L., Suthers, I.M., Gray, C.A., Van der Meulen, D.A. & Taylor, M.D. 
2015. Fine-scale movements, site fidelity and habitat use of an estuarine dependent sparid. 
Environmental Biological Fish, 98: 1599-1608. 
Gratwicke, B. & Speight, M.R. 2005. The relationship between fish species richness, 
abundance and habitat complexity in a range of shallow tropical marine habitats. Journal 
of Fish Biology, 66: 650-667. 
Hajisamae, S. & Chou, L.M. 2003. Do shallow water habitats of an impacted coastal strait 
serve as nursery grounds for fish? Estuarine Coastal and Shelf Science, 56: 281-290. 
 Chapter 7 
180 
 
Hanekom, N. & Baird, D. 1988. Distribution and variations in seasonal biomass of eelgrass 
Zostera capensis in the Kromme Estuary, St Francis Bay, South Africa. South African 
Journal of Marine Science, 7: 51-59. 
Heck, K.L., Hays, G. & Orth, R.J. 2003. Critical evaluation of the nursery role hypothesis for 
seagrass meadows. Marine Ecology Progress Series, 253: 123-136. 
Hudges, J.E., Deegan, L.A., Wyda, J.C., Weaver, M.J. & Wright, A. 2002. The effects of 
eelgrass habitat loss on estuarine fish communities of Southern New England. Estuaries, 
25: 235-249.  
Joseph, V., Schmidt, A.L. & Gregory, R.S. 2013. Use of eelgrass habitats by fish in eastern 
Canada. DFO Canadian Science Advisory Secretariat Research Document. 2012/138. 
Krumme, U., Brenner, M. & Saint-Paul, U. 2008. Spring-neap cycle as a major driver of 
temporal variations in feeding of intertidal fishes: Evidence from the sea catfish Sciades 
herzbergii (Ariidae) of equatorial west Atlantic mangrove creeks. Journal of Experimental 
Biology and Ecology, 367: 91-99. 
Lamberth, S.J. & Turpie, J.K. 2003. The role of estuaries in South African fisheries: economic 
importance and management implications. African Journal of Marine Science, 25: 131-
157. 
Lee, K., Lee, S.Y. & Connolly, R.M. 2011. Combining stable isotope enrichment, 
compartmental modelling and ecological network analysis for quantitative measurement 
of food web dynamics. Methods in Ecology and Evolution, 2: 56-65. 
Lubbers, L., Boynton, W.R. & Kemp, W.M. 1990. Variations in structure of estuarine fish 
communities in relation to abundance of submersed vascular plants. Marine Ecology 
Progress Series, 65: 1-14. 
Lukey, J.R., Booth, A.J. & Froneman, P.W. 2006. Fish population size and movement patterns 
in a small intermittently open South African estuary. Estuarine, Coastal and Shelf Science, 
67: 10-20. 
Mattila, J., Heck, J.L., Millstein, E., Miller, E., Gustafsson, C., Williams, S. & Byron, D. 2008. 
Increased habitat structure does not always provide increased refuge from predation. 
Marine Ecology Progress Series, 361: 15-20. 
Nagelkerken, I. & Van Der Velde, G. 2004. Relative importance of interlinked mangroves and 
seagrass beds as feeding habitats for juvenile reef fish on a Caribbean island. Marine 
Ecological Progress Series, 274: 153-159. 
 Chapter 7 
181 
 
Paterson, A.W. & Whitfield, A.K. 2000. Do shallow-water habitats function as refugia for 
juvenile fishes? Estuarine, Coastal and Shelf Science, 51: 359-364. 
Paterson, A.W. & Whitfield, A.K. 2003. The fishes associated with three intertidal salt marsh 
creeks in a temperate southern African estuary. Wetlands Ecology and Management, 11: 
305-315. 
Potter, I.C., Beckley, L.E., Whitfield, A.K. & Lenanton, R.C.J. 1990. Comparison between the 
roles played by estuaries in the life cycles of fishes in temperate Western Australia and 
Southern Africa. Environmental Biology of Fishes, 28: 143-178. 
Potter, I.C., Claridge, P.N., Hyndes, G.A. & Clarke, K.R. 1997. Seasonal, annual and regional 
variations in ichthyofaunal composition in the inner Severn Estuary and inner Bristol 
channel. Journal of the Marine Biological Association of the United Kingdom, 77: 507-
525.  
Potter, I.C., Tweedley, J.R., Elliott, M. & Whitfield, A.K. 2015. The ways in which fish use 
estuaries: a refinement and expansion of the guild approach. Fish and Fisheries, 16: 230-
239. 
Ramírez-Luna, V., Navia, A.F. & Rubio, E.A. 2008. Food habits and feeding ecology of an 
estuarine fish assemblage of northern Pacific Coast of Ecuador. Pan - American Journal 
of Aquatic Sciences, 3: 361-372. 
Richardson, N., Whitfield, A.K. & Paterson, A.W. 2006. The influence of selected 
environmental parameters on the distribution of the dominant demersal fishes in the 
Kariega Estuary channel, South Africa. African Zoology, 41: 89-102. 
Rotherham, D. & West, R.J. 2002. Do different seagrass species support distinct fish 
communities in south-eastern Australia? Fisheries Management and Ecology, 9: 235-248. 
Ryer, C.H., Laurel, B.J. & Stoner, A.W. 2010. Testing the shallow water refuge hypothesis in 
flatfish nurseries. Marine Ecological Progress Series, 415: 275-282. 
Rypel, A.L., Layman, C.A. & Arrington, D.A. 2007. Water depth modifies relative predation 
risk for a motile fish taxon in Bahamian tidal creeks. Estuaries and Coasts, 30: 518-525. 
Sheppard, J.N., James, N.C., Whitfield, A.K. & Cowley, P.D. 2011. What role do beds of 
submerged macrophytes play in structuring estuarine fish assemblages? Lessons from a 
warm-temperate South African estuary. Estuarine, Coastal and Shelf Science, 95: 145-
155. 
 Chapter 7 
182 
 
Sheppard, J.N., Whitfield, A.K., Cowley, P.D. & Hill, J.M. 2012. Effects of altered estuarine 
submerged macrophyte bed cover on the omnivorous Cape stumpnose Rhabdosargus 
holubi. Journal of Fish Biology 80: 705-712. 
Ter Morshuizen, L.D. & Whitfield, A.K. 1994. The distribution of littoral fish associated with 
eelgrass Zostera capensis beds in the Kariega Estuary, a southern African system with a 
reversed salinity gradient. South African Journal of Marine Science, 14: 95-105. 
Turpie, J. & Clarke, B. 2007. Development of a conservation plan for temperate South African 
estuaries on the basis of biodiversity importance, ecosystem health and economic costs 
and benefits. C.A.P.E. Regional Estuarine Management Programme, Ancor 
Environmental Consultants, CC. Final Report, 111pp. 
Van Niekerk, L. & Turpie, J.K. (Eds.) 2012. National Biodiversity Assessment 2011. Technical 
Report, vol. 3. CSIR Report Number SIR/NRE/ECOS/ER/2011/0045/B. Council for 
Scientific and Industrial Research, Stellenbosch. (available from: 
bgis.sanbi.org/nba/project.asp on 1 July 2013). 
Vasconcelos, R.P., Henriques, S., França, S., Pasquaud, S., Cardoso, I., Laborde, M. & Cabral, 
H.N. 2015. Global patterns and predictors of fish species richness in estuaries. Journal of 
Animal Ecology, 84: 1331-1341. 
Vasconcelos, R.P., Reis-Santos, P., Maia, A., Fonseca, V., França, S., Wouters, N., Costa, M.J. 
& Cabral, H.N. 2010. Nursery use patterns of commercially important marine fish species 
in estuarine systems along the Portuguese coast. Estuarine, Coastal and Shelf Science, 
86: 613-624. 
Vasconcelos, R.P., Reis-Santos, P., Costa, M.J. & Cabral, H.N. 2011. Connectivity between 
estuaries and marine environment: Integrating metrics to assess estuarine nursery function. 
Ecological indicators, 11: 1123-1133. 
Wallace, J.H., Kok, H.M., Beckley, L.E., Bennett, B., Blaber, S.J.M. & Whitfield, A.K. 1984. 
South African estuaries and their importance to fishes. South African Journal of Science, 
80: 203-207.  
Whitfield, A.K. 1994. Abundance of larval and 0+ juvenile marine fishes in the lower reaches 
of three southern African estuaries with differing freshwater inputs. Marine Ecology 
Progress Series, 105: 257-267. 
Whitfield, A.K. 1998. Biology and ecology of fishes in Southern African estuaries. 
Ichthyofaunal Monographs of the J.L.B. Smith Institute of Ichthyology, No. 2, 223 pp. 
 Chapter 7 
183 
 
Whitfield, A.K. 1999. Ichthyofaunal assemblages in estuaries: A South African case study. 
Reviews in Fish Biology and Fisheries, 9: 151-186. 
Whitfield, A.K., Blaber, S.J.M. & Cyrus, D.P. 1981. Salinity ranges of some southern African 
fish species occurring in estuaries. South African Journal of Zoology, 16: 151-155. 
Whitfield, A.K. & Cowley, P.D. 2010. The status of fish conservation in South African 
estuaries. Journal of Fish Biology, 76: 2067-2089. 
Whitfield, A.K. & Elliott, M. 2002. Fishes as indicators of environmental and ecological 
changes within estuaries: a review of progress and some suggestions for the future. Journal 
of Fish Biology, 61: 229-250. 
Whitfield, A.K., Elliott, M., Basset, A., Blaber, S.J.M. & West, R.J. 2012. Paradigms in 
estuarine ecology: a review of the Remane diagram with a suggested revised model for 
estuaries. Estuarine, Coastal and Shelf Science, 97: 78-90.     
Whitfield, A.K. & Pattrick, P. 2015. Habitat type and nursery function for coastal marine fish 
species, with emphasis on the Eastern Cape region, South Africa (Review). Estuarine, 
Coastal and Shelf Science, 160: 49-59. 
 
  
 
